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BJUILDING  MAINTENANCE  AND  REPAIR  DATA  FOR  LIFE-CYCLE 
COST  ANALYSES:  ARCHITECTURAL  SYSTEMS 


1  INTRODUCTION 


Background 

Maintenance*  and  repair  (M&R)  cost  estimates  ;.re  needed  during  planning,  design,  and 
operations/maintenance  of  Army  facilities.  During  planning,  life-cycle  costs  are  needed  to  evaluate 
alternative  ways  of  meeting  requirements  (e.g„  lease,  new  construction,  renovate  existing  facilities). 
During  design,  M&R  requirements  for  various  types  of  components,  such  as  built-up  or  shingle  roofs,  are 
needed  so  that  the  total  life-cycle  cost  of  different  designs  can  be  minimized.  Finally,  once  the  facility 
has  been  constructed,  outyear  predictions  of  maintenance  and  repair  costs  are  needed  so  that  enough  funds 
can  be  programmed  to  ensure  that  Aimy  facilities  are  maintained  properly  and  do  not  deteriorate  due  to 
lack  of  maintenance. 

The  Directorate  of  Engineering  and  Construction  (EC),  Headquarters,  U,S.  Army  Corps  of  Engineers 
(HQUSACE)**,  asked  the  U,S.  Army  Construction  Engineering  Research  Laboratory  (USACERL)  to 
coordinate  the  assembly  of  a  single  centralized  maintenance  and  repair  data  base  for  use  by  Corps 
designers.  This  research  was  required  because  designers  were  not  able  to  obtain  reliable  maintenance  and 
repair  data  to  support  their  life-cycle  cost  (LCQ  analysis  from  installations  or  from  the  technical  literature. 
One  of  the  first  tasks  in  the  research  effort  was  to  determine  if  reliable  data  bases,  which  could  be  adapted 
for  Coips  use,  existed  in  government  or  private  industry.  Comprehensive  data  bases  of  maintenance  costs 
for  government  and  private  sector  facilities  did  not  exist.  The  little  data  available  always  depended  on 
widely  varying  standards  of  maintenance  used  to  maintain  the  facilities  for  which  the  data  was  collected 
and  thus  was  unreliable  for  prediction  purposes.  Recognizing  this,  HQUSACE  asked  USACERL  to 
develop  a  maintenance  and  repair  cost  data  base.  This  data  is  for  use  by  U.S.  Army  Corps  of  Engineers 
(USAGE)  designers  in  performing  life-cycle  cost  analyses  during  the  design  of  new  facilities.  Initial 
results  were  presented  in  several  USACERL  reports.* 

Soon  after  this  request,  the  Facilities  Programming  and  Budgeting  Branch  of  the  Facilities 
Engineering  Directorate  asked  USACERL  to  develop  prediction  models  for  outyear  maintenance 
requirements  of  the  Army  facility  inventory.  The  Programming  Office  of  EC,  responsible  for  Military 
Construction,  Army  (MCA)  planning,  also  requested  that  USACERL  provide  methods  and  automated  tools 
to  help  installations  perform  economic  analyses.  Part  of  the  objective  was  to  allow  analysts  to  obtain 
future  maintenance  cost  data. 


‘Maintenance  in  this  report  means  all  work  required  to  keep  a  facility  in  good  operating  condition;  it  includes  all  maintenance, 
repair,  and  replacement  of  components  required  over  the  life  of  a  facility. 

"At  the  time  of  this  request,  EC  was  part  of  the  Office  of  the  Chief  of  Engineers,  which  has  since  reorganized.  In  addition,  EC 
has  now  become  the  Directorate  of  Military  Programs. 

'  R.D.  Nealhammer,  Life-Cycle  Cost  Database  Design  and  Sample  Cost  Data  Development,  Interim  Report  P-1 20/AD A0997222 
(U.S.  Army  Construction  Engineering  Research  Laboratory  [USACERL],  February  1981);  R.D.  Neathammer,  Life-Cycle  Cost 
Database:  Vol  I.  Design,  and  Vol  II.  Sample  Data  Development,  Technical  Report  P-139/ADA126644  and  ADA126645 
(USACERL,  January  1983),  Appendices  E  tJuough  G. 


In  response  to  these  requests,  USACERL  began  a  multiyear  effort  to  develop  a  comprehensive 
maintenance  and  repair  cost  research  program  for  buildings.  This  coordinated  program  is  the  key  to  all 
detailed  estimation  of  future  maintenance  costs  for  Army  facilities. 


Research  Performed  and  Reports  Published 

This  is  one  of  several  interrelated  reports  addressing  maintenance  resource  prediction  in  the  facility 
life-cycle  process.  The  total  research  effort  is  described  in  a  USACERL  Technical  Report.^ 

The  first  research  product  was  a  data  base  containing  maintenance  tasks  related  to  every  building 
construction  component.  This  data  base  provides  labor,  material,  and  equipment  resource  information. 
The  frequency  of  task  occurrence  is  also  included.  This  information  is  published  in  a  scries  of  four 
USACERL  Special  Reports  by  engineering  systems:  (1)  architectural,  (2)  heating,  ventilating,  and  air- 
conditioning  (HVAC),  (3)  plumbing,  and  (4)  electrical.  The  title  for  tlie  series  is  Maintenance  Task  Data 
Base  for  Buildings  (tlie  present  report  covers  architectural  systems  for  this  scries).’  Table  1  shows  an 
example  from  this  data  base.  This  data  is  also  available  in  electronic  fonn.  The  data  base  is  used  in  a 
personal  computer  (PC)  system  under  the  Disk  Operating  System  (DOS).  This  computer  program  allows 
a  facility  to  be  defined  by  entering  the  components  and  component  quantities  comprising  the  facility.  The 
tasks  arc  used  to  determine  the  resources  required  annually  to  keep  the  facility  maintained. 

The  second  research  product  was  a  component  resource  summary  for  the  first  25  years  of  a  facility. 
The  tasks  for  the  component  were  scheduled  and  combined  into  one  set  of  annual  resource  requirements. 
This  annual  resource  information  is  published  in  a  series  of  four  USACIERL  Special  Reports  titled 
Building  Component  Maintenance  and  Repair  Data  Base*  An  example  from  this  data  base  is  shown  in 
Table  2.  The  data  base  is  also  available  in  electronic  form.  This  data  can  be  used  to  perform  special 
economic  analyses  such  as  one  for  a  20- year  life  using  a  10  percent  discount  rate. 

The  third  research  product  was  a  set  of  25-ycar  present  wortii  factor  tables  for  use  by  designers  in 
selecting  components  for  discount  rates  of  7  and  10  percent.  The  annual  component  resource  values  were 
multiplied  by  the  appropriate  present  worth  factor  and  added  for  the  25  years  to  produce  one  set  of 
resource  values.  This  information  is  published  in  a  series  of  four  USACERL  Special  Reports  titled 


^  E.S.  Neely,  R.D.  Neathammer,  J.R.  Stim,  and  R.P.  Winkler,  Maintenance  Resource  Prediction  in  the  Facility  Life-Cycle 
Process,  Technic!il  Report  P-91/10  (USACERL,  March  1991). 

’  E.S,  Neely,  R.D.  Neathammer,  J.R.  Stim,  and  R.P,  Winkler,  Maintenance  Task  Data  Base  for  Buildings.  Heating,  Ventilation, 
and  Air  Conditioning  Systena.  Special  Report  P  91/21  (USACERL,  May  1991).  E.S.  Neely,  R.D.  Neathammer,  J.R.  Stim,  and 
R.P,  Winkler,  Maintenance  Task  Data  Base  for  Buildings.  Plumbing  Systems,  Special  Report  P-91/18  (USACERL,  May  1991), 
E  S  Neely,  R.D.  Neathammer,  J.R.  Stim,  and  R.P.  Winkler,  Maintenance  Task  Data  Base  for  Buildings.  Electrical  Systems, 
Special  Report  P-91/25  (USACERL.  May  1991). 

^  E  S  Neely,  R  D.  Ncatliammer,  J.R.  Stirn,  and  R.P.  Winkler,  Building  Component  Maintenance  and  Repair  Data  Base  for 
Buildings  Architectural  Systems,  Siiecial  Report  P  91/27  (USACERL.  May  1991),  E.  S.  Neely,  R.  D.  Neathammer,  J.R.  Stim, 
and  R  P,  Winkler,  BuiUing  Component  Maintenance  Data  Base  for  Buildings.  Heating,  Ventilation,  and  Atr-Condiitoning 
Systems,  Special  Report  P  91/22  (USACERL,  May  1991),  E.S.  Neely,  R.D.  Neathammer,  J.R.  Stim,  and  R.P.  Winkler,  Building 
Component  Maintenance  ami  Repair  Data  Base  for  Buildings.  Plumbing  Systems,  Special  Report  P-91/30  (USACERL,  May 
1091);  E  S  Neely,  R  D  Ncatliammer,  J.R.  Stim,  and  R.P.  Winkler,  Building  Component  Maintenance  and  Repair  Data  Base 
for  Buildings:  Electrical  Systems,  Special  Report  P-91/19  (USACERL,  May  1991). 
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Table  2 


Typical  Component  Summary 
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Building  Maintenance  and  Repair  Data  for  Life-Cycle  Co.\t  Analyies.^  Table  3  shows  an  example  from 
this  data  base.  The  data  base  is  also  available  in  electronic  form.  The  first  throe  resource  columns 
provide  data  to  allov.  designers  to  calculate  the  life-cycle  costs  at  any  location  by  multiplying  by  the 
correct  labor  rate,  equipment  rate,  and  material  geographic  factor.  The  multiplication  and  addition  have 
been  perfomted  for  the  Military  District  of  Washington.  DC,  and  results  are  given  in  the  founh  column 
of  the  table  The  right  section  of  the  table  is  information  tliat  can  be  entered  into  computer  systems  that 
perfonn  life-cycle  cost  analysis. 


‘  E  S.  Neely.  R  D.  Neaihammcr,  J.R.  Slim,  and  R.P.  Winkler,  Building  MalnUnance  and  Repair  Data  for  Life-CyJe  Co>t 
Analyses  Heating.  Ventilation,  and  Air  Conditioning  Systems,  Spc^,wI  Report  P-91/20  vUSACERL,  May  1991;,  E.S.  Neely, 
R  D.  Neatliammcr,  J.R.  Slim,  and  R.P.  Winkler,  Building  Maintenance  and  Repair  Data  for  Life-Cycle  Cost  Analyses. 
Plumbing  Systems,  Special  Report  P  91/24  (USACERL,  May  1991).  E.S.  Neely,  R.D.  Ncadiammer,  J.R.  Slim,  R.P.  Winkler, 
Building  Maintcnan,.e  and  Repair  Data  for  Life  Cycle  Cost  Analyses.  Electrical  Systems,  Special  Report  P-91/26  tUSACERL, 
May  1991). 
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EPS  BASED  MAINTENANCE  AND  REPAIR  COST  DATA  FOR  USE  IN  UFE  CYCLE  COST  ANALYSIS  (I  PER  UNIT  MEASURE) 

PRESENT  MAINTENANCE  AND  REPAIR  PLUS 

HIGH  COST  REPAIR  AND  REPLACEMENT  COSTS 
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A  fourth  research  product  was  a  PC  system  that  allows  facilities  to  be  modeled  by  entering  the 
components  that  comprise  the  facility.  Future  years  resource  predictions  are  produced  by  applying  the 
individual  tasks  and  then  forming  resource  summaries  by  subsystems,  systems,  facilities,  installations, 
reporting  installations.  Major  Commands  (MACOMS)  and  Army.  A  summary  level  computer  system  was 
also  developed  for  use  by  the  Department  of  tlie  Army  (DA)  and  MACOMS.  The  summaiy  level  system 
applies  the  most  basic  data  contained  in  the  current  facility  real  property  inventory  files;  (1)  current 
facility  use,  (2)  floor  area,  and  (3)  construction  date.  Users  and  systems  manuals  will  be  published  as 
US.ACERL  ADP  Reports. 


Objectives 

The  objective  of  this  report  is  to  describe  . the  task  development  process  for  architectural  systems  and 
give  examples  for  using  these  tasks. 


Approach 

The  first  activity  in  tlie  research  was  to  survey  the  literature  for  available  maintenance  data.  No 
comprehensive  task  resource  data  base  was  located.  The  Navy  has  developed  a  series  of  manuals  dealing 
with  labor  hours  required  to  perform  several  basic  maintenance  tasks.  This  work  has  been  adopted  by  the 
Department  of  Defense  (DOD)  for  triservicc  use.  A  series  of  Technical  Bulletins  (TBs)  under  the  general 
title  Engineered  Performance  Standards  (EPS)  has  been  published. 

The  next  activity  was  to  survey  USACE  District  offices  to  solicit  their  input  for  a  data  base.  A 
guiding  committee  composed  of  District  personnel,  installation  representatives,  and  private  sector 
con.sult;ints  met  and  agreed  upon  a  general  data  base  design.  More  importantly,  they  recommended  that 
the  data  base  be  develoijed  using  the  EPS  rather  than  historical  data. 

Once  the  data  base  was  developed,  component  summaries  were  created  b>  summing  all  tasks  for 
a  component.  These  summaries  were  then  input  into  a  program  tliat  computed  p,..;sent  v.'Orth  values  for 
each  component. 

The  calculation  procedures  described  in  this  report  were  performed  and  summarized  for  standard 
Army  life-cycle  analysis  of  25  years  with  a  7  or  10  percent  presc.nt  worth  factor  Final  results  are 
published  in  the  USACERL  special  report  scries  Building  Mainttnunce  and  Repair  Data  Base  for  Life- 
Cyclc  Cost  Analyses. 


Scope 

Tlie  task  data  base  is  for  DOD  designers  and  can  also  be  used  bj  tliose  in  the  private  sector. 
Mode  of  Technology  Transfer 

The  tables  pertinent  to  designer  use  will  be  iaaucd  as  a  supplement  to  Teclinical  Manual  (TM)  5- 
802-1,  Economic  Studies  for  Military  Construction  Design— Applications, 
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2  PROBLEM  DEFINITION 


In  the  facility  life-cycle  process,  costs  are  incurred  in  construction,  operation,  maintenance,  and 
disposal  of  a  facility.  Past  emphasis  during  the  planning,  design,  and  construction  phases  has  been  on 
estimating  initial  construction  costs.  The  impact  of  operating  and  maintaining  facilities  has  always  been 
a  secondary  consideration.  In  many  cases,  the  operation  and  maintenance  (O&M)  costs  are  far  greater 
than  initial  construction  costs.  Building  owners  are  concerned  with  the  total  ownership  costs  of  facilities 
rather  than  just  the  initial  construction  costs. 

The  Army  has  realized  the  importance  of  performing  total  life-cycle  cost  analyses  for  facilities  at 
the  design  stage,  and  of  accurately  forecasting  these  costs  for  funds  programming.  HQUSACE  asked 
USACERL  in  1980  to  develop  a  method  of  estimating  future  maintenance  costs  for  buildings.  In  1982, 
the  programming  branch  of  the  former  Facilities  Engineering  Directorate  asked  USACERL  to  develop 
effective  models  for  forecasting  facility  maintenance  resource  requirements  based  on  the  actual  facility. 

Life-cycle  cost  economic  studies  are  an  integral  part  of  facility  design  in  the  MCA  program. 
Requirements  for  performing  these  studies  are  given  in: 

•  Statutes,  Code  of  Federal  Regulations,  and  Executive  Orders  for  performing  analyses  when 
energy  is  a  key  cost  and  for  wastewater  treatment  plants 

•  USACE  Architectural  and  Engineering  Instructions:  Design  Criteria 

•  Army  Regulation  (AR)  11-28,  Economic  Analysis  and  Program  Evaluation  for  Resource 
Management  for  general  economic  analyses. 

•  TM  5-802-1,  Economic  Studies  for  Military  Construction  Design-Applications 
The  main  purpose  of  these  studies  is  to  minimize  the  life-cycle  costs  of  Army  facilities. 

To  perform  life-cycle  cost  analyses  on  facility  designs,  three  categories  of  costs  are  needed:  initial, 
operating,  and  maintenance.  Initial  costs  are  usually  easy  to  estimate  through  existing  cost  estimating 
systems  such  as  tire  Corps  of  Engineers  Computer  Assisted  Cost  Estimating  System  (CACES)  and  standard 
publications  such  as  Means  or  Dodge.  Operating  costs  can  be  estimated  by  using  energy  consumption 
models  such  as  the  Corps  of  Engineers  Building  Loads  Analysis  and  System  Thermodynamics  (BLAST) 
program  or  the  Trane  Company’s  Trace  program.  However,  accurate  estimates  of  maintenance  costs  are 
not  available. 

There  are  no  comprehensive  data  bases  of  maintenance  costs  for  building  components  either  in  the 
private  sector  or  State/Federal  Governments.  Some  historical  data  is  available  from  the  Building  Owners’ 
and  Managers’  Association  reports.  Within  the  Army,  the  Integrated  Facilities  System  (IFS)  contains  some 
historical  data;  however,  it  does  nut  have  a  feature  for  retaining  several  types  of  a  building  component 
(e.g.,  having  brick  and  wood  exteriors  or  three  types  of  floor  covering).  Moreover,  the  data  in  IFS  has 
not  been  kept  current  For  example,  at  one  Installation  several  family  housing  units  were  shown  as  having 
wood  siding  when,  in  fact,  they  had  been  covered  with  aluminum  siding  several  years  earlier. 
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2  PROBLEM  DEFINITION 


In  the  facility  life-cycle  process,  costs  are  incurred  in  construction,  operation,  maintenance,  and 
disposal  of  a  facility.  Past  emphasis  during  the  planning,  design,  and  construction  phases  has  been  on 
estimating  initial  constmction  costs.  The  impact  of  operating  and  maintaining  facilities  has  always  been 
a  secondary  consideration.  In  many  cases,  the  operation  and  maintenance  (O&M)  costs  are  far  greater 
than  initial  construction  costs.  Building  owners  are  concerned  with  the  total  ownership  costs  of  facilities 
rather  than  just  the  initial  construction  costs. 

The  Army  has  realized  the  importance  of  performing  total  life-cycle  cost  analyses  for  facilities  at 
the  design  stage,  and  of  accurately  forecasting  these  costs  for  ftmds  programming.  HQUSACE  asked 
USACERL  in  1980  to  develop  a  method  of  estimating  future  maintenance  costs  for  buildings.  In  1982, 
the  programming  branch  of  the  former  Facilities  Engineering  Directorate  asked  USACERL  to  develop 
effective  models  for  forecasting  facility  maintenance  resource  requirements  based  on  the  actual  facility. 

Life-cycle  cost  economic  studies  are  an  integral  part  of  facility  design  in  the  MCA  program. 
Requirements  for  performing  these  studies  are  given  in: 

•  Statutes,  Code  of  Federal  Regulations,  and  Executive  Orders  for  performing  analyses  when 
energy  is  a  key  cost  and  for  wastewater  treatment  plants 

•  USACE  Architectural  and  Engineering  Instructions:  Design  Criteria 

•  Army  Regulation  (AR)  11-28,  Economic  Analysis  and  Program  Evaluation  for  Resource 
Management  for  general  economic  analyses. 

•  TM  5-802-1,  Economic  Studies  for  Military  Construction  Design-Applications 
The  main  purpose  of  these  studies  is  to  minimize  the  life-cycle  costs  of  Army  facilities. 

To  perfoma  life-cycle  cost  analyses  on  facility  designs,  three  categories  of  costs  are  needed:  initial, 
operating,  and  maintenance.  Initial  costs  are  usually  easy  to  estimate  through  existing  cost  estimating 
systems  such  as  the  Corps  of  Engineers  Computer  Assisted  Cost  Estimating  System  (CACES)  and  standard 
publications  such  as  Means  or  Dodge.  Operating  costs  can  be  estimated  by  using  energy  consumption 
models  such  as  the  Corps  of  Engineers  Building  Loads  Analysis  and  System  Thermodynamics  (BLAST) 
program  or  the  Trane  Company’s  Trace  program.  However,  accurate  estimates  of  maintenance  costs  are 
not  available. 

Then*  are  no  comprehensive  data  bases  of  maintenance  costs  for  building  components  either  in  the 
private  sector  or  State/Federal  Governments.  Some  historical  data  is  available  from  the  Building  Owners’ 
and  Managers’  Association  reports.  Within  the  Army,  the  Integrated  Facilities  System  (IFS)  contains  some 
historical  data;  however,  it  does  nut  have  a  feature  for  retaining  several  types  of  a  building  component 
(e.g.,  having  brick  and  wood  exteriors  or  three  types  of  floor  covering).  Moreover,  the  data  in  IFS  has 
not  been  kept  current  For  example,  at  one  installation  several  family  housing  units  were  shown  as  having 
wood  siding  when,  in  fact,  they  had  been  covered  with  aluminum  siding  several  years  earlier. 
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estimates,  and,  more  seriously,  the  production  of  accurate  estimates.  About  this  time,  the  Department  of 
Defense  directed  that  standards  for  work  should  be  developed  to  the  maximum  feasible  extent  and  applied 
throughout  the  military  establishment  As  a  result  of  that  directive,  EPS  were  developed. 

The  Navy  undertook  a  large  research  program  to  perform  time  and  motion  studies  of  maintenance 
personnel  as  they  performed  their  maintenance  tasks.  After  several  years  of  effort,  the  Navy  published 
the  results  under  the  title  "Engineered  Performance  Standards,"  Both  Army  and  Air  Force  maintenance 
personnel  reviewed  this  set  of  manuals  and  adopted  it  for  official  use.  Today,  the  EPS  are  used  by  all 
DOD  agencies  and  are  published  as  one  set  of  reports  carrying  three  different  publication  numbers  for  the 
Army,  Navy,  and  Air  Force, 


Committee  Reviews 

At  the  beginning  of  this  research  project  HQUSACE  and  USACERL  formed  an  advisory  committee 
composed  of  representatives  from  all  offices  involved  in  performing  life-cycle  cost  analysis.  The  basic 
objective  of  the  advisory  committee  was  to  involve  as  many  appropriate  and  knowledgeable  people  as 
possible  in  deciding  how  to  solve  the  M&R  data  base  problem.  The  advisory  committee  reviewed  the 
historical  information  research  results  and  the  EPS  research  program  and  reports.  After  lengthy  discussion 
of  all  possible  alternatives,  the  advisory  committee  decided  to  develop  a  maintenance  task  data  base  using 
the  EPS  as  the  basis  for  the  labor  resources.  The  advisory  committee  was  active  for  the  first  2  years  of 
the  project, 

A  second  maintenance  steering  committee  was  formed  that  was  composed  of  one  representative  from 
each  HQDA  office  involved  in  maintenance  resource  programming  and  planning,  six  major  commands, 
and  10  installations.  This  maintenance  steering  committee  had  the  same  basic  objective  as  the  first 
advisory  committee.  In  addition,  the  steering  committee  wanted  to  use  the  data  developed  to  predict  actual 
maintenance  resource  requirements  at  installations. 


Building  Subdivision 

The  UNIFORMAT  method  of  dividing  a  building  into  systems,  subsystems,  and  components  was 
adopted  because  it  is  used  by  all  Federal  construction  agencies  and  many  private  organizations.  Systems 
requiring  little  maintenance  such  as  foundations  and  superstructure  were  not  considered. 

The  level  of  component  detail  was  determined  by  the  members  of  the  maintenance  steering 
committee.  This  level  varied,  depending  on  the  facility  classification  and  the  costs  versus  the  benefit  of 
collecting  and  maintaining  data.  For  example,  in  the  typical  building  the  steering  committee  voted  to  stop 
at  the  door  level  and  not  define  hardware  requirements  because  the  hardware  was  not  a  costly  item,  but 
for  historical  family  housing,  where  one  hinge  could  cost  $200,  all  door  hardware  had  to  be  defined. 


Task  Data  Development 

A  task  is  defined  as  the  work  performed  by  a  single  trade.  Each  task  is  divided  into  the  labor, 
material,  and  equipment  resources  required  to  perform  the  work.  By  separating  the  tasks  in  this  manner 
the  data  can  also  be  used  to  detemiine  manpower  staffing  requirements  and  equipment  requirements. 
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The  following  procedures  have  been  used  lo  develop  the  tasks  for  this  research  project.  Identical 
procedures  can  be  applied  to  develop  new  tasks  not  currently  covered  in  the  task  data  base. 

The  task  development  procedures  can  be  demonstrated  by  using  the  existing  task  number  031 11356, 
REPLACE  NEW  OVER  EXISTING  SHINGLED  ROOF,  shown  in  Table  1.  This  task  involves  gaining 
access  to  the  roof,  placing  a  new  layer  of  shingles  over  an  existing  single-layer  shingle  roof,  and  cleaning 
up  the  area. 

The  first  step  is  to  obtain  a  copy  of  DA  Pamphlet  25-30,  Consolidated  Index  of  Army  Publications 
and  Blank  Forms.  A  list  of  the  current  TBs  covering  EPS  is  given  in  Appendix  C.  Review  this  list  to 
determine  which  TBs  seem  to  address  the  task  to  be  developed.  The  TBs  can  be  obtained  from  your 
library  or  from; 

Naval  Publications  and  Forms  Center 

5801  Tabor  Ave. 

Philadelphia,  PA  19120. 

Once  the  TBs  are  available,  the  second  step  is  to  review  the  Table  of  Contents  of  each  to  determine 
if  tasks  related  to  the  component  are  covered  in  the  bulletin.  If  the  tasks  to  be  developed  are  covered  by 
the  bulletin,  review  the  tasks  to  determine  if  the  data  given  can  be  applied  to  the  task  under  development. 
When  tasks  related  to  the  new  component  tasks  under  development  are  not  covered  by  EPS,  other  sources 
such  as  estimating  books  and  manuals,  national  standards,  trade  publications,  and  manufacturer  data  must 
be  researched.  It  is  important  to  provide  a  complete  list  of  such  materials.  A  reference  librarian  can 
provide  resources  addressing  a  specific  component. 

The  roofs  of  most  one  to  three  story  buildings  are  accessed  by  ladder.  A  review  of  the  EPS 
subtasks  revealed,  a  standard  EPS  subtask  that  covers  moving  the  ladder  and  moving  up  and  down  the 
ladder.  One  reference  to  this  standard  subtask  is  in  TB  420-4  (p  180),  Task  Cr-159,  subtask  9,  move, 
climb  up  and  down  ladder,  as  duplicated  in  Table  4.  The  labor  rate  is  given  as  0.207  hr/job.  It  was 
assumed  that  the  ladder  would  be  moved  every  1300  sq  ft  to  provide  faster  access  to  the  work  area. 
Transforming  this  number  into  a  rate  per  square  foot  of  roof  area  would  produce  0.207  hr/job/1300  sq 
ft/job  =  0.000160  hr/sq  ft. 

TB  420-4  contains  no  single  task  for  placing  a  new  layer  of  shingles  over  an  old  layer.  However, 
Task  CT-416,  subtask  3  (p  295  in  the  TB),  shown  in  Table  5,  would  be  almost  the  same  duration.  The 
labor  rate  would  therefore  be  0.012887  hr/sq  ft. 

Some  cleanup  will  be  required  after  placing  the  shingles.  The  EPS  showed  no  subtask  directly 
related  to  this  type  of  cleanup,  but  a  cleanup  subtask  was  found  in  the  masoni^  handbook,  TB  420-14  (p 
112),  DT-213,  subtask  4.  TTie  cleanup  was  estimated  to  be  approximately  20  percent  of  the  resources 
listed  for  this  subta.sk,  or  0.01  hr/sq  ft. 

The  total  direct  labor  hours  to  perform  the  entire  job  would  be  the  sum  of  all  subtasks,  or  0.02305 
hr/sq  ft.  The  indirect  time  or  the  time  to  plan  the  work,  load  the  truck  at  the  beginning  of  the  day,  unload 
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CT  159.  Air  Conditioner,  Opening  for.  Cut  in  and  Frame  Opening  in  Exterior  Wall.  Wall  has  cement  shingle  and  gypsum  wallboard  interior.  CT-159  =  2.23828  hr/job 


Table  5 


Task  CT-416* 


No. 

Reference 

Work  Unit  Description 

Hours 

Units 

1 

PWU-30X 

Remove  asphalt  shingles 

0.65795' 

100  sq  ft 

2 

PWU-3-I 

Install  one  layer  30#  fell  on  wood  deck 

0.20499 

100  sq  ft 

3 

PWU-3-II 

Install  asphalt  shingles  with  adhesive  on  wood 
deck,  shingles  12"  x  36"  with  5"  exposure 

1.28871 

1(X)  sq  ft 

*CT-416:  Shingles  (Asphalt),  Remove  and  Install  with  30#  Felt.  No.  of  Squares;  1  Square  =  100  sq  ft. 
CT-416  -  2,15165  hr/100  sq  ft. 


the  truck  at  the  end  of  the  day,  personal  time,  delay  time,  and  material  handling  time  must  be  included 
to  obtain  the  total  onsite  labor  time.  In  EPS,  this  value  is  expressed  as  a  percentage  of  the  direct  labor. 
When  all  factors  have  been  considered,  the  direct  labor  should  be  increased  by  30  percent  or  0.00691  hr/sq 
ft. 


The  steering  committee  wanted  to  apply  the  same  material  costs  for  all  planning,  programming, 
design,  construction,  and  operations  activities.  For  this  research  project,  all  material  costs  were  developed 
using  prices  in  the  Washington,  DC  area.  Material  prices  for  exact  locations  throughout  the  world  can 
be  obtained  by  multiplying  the  Washington,  DC  area  costs  by  the  appropriate  location  adjustment  factor 
published  in  a  Programming,  Administration,  and  Execution  System  (PAX)  Newsletter  under  the  title 
"Area  Cost  Factor  Indexes."  Copies  of  the  22  September  1988  indexes  arc  given  in  Appendix  D, 
Geographical  Location  Adjustment  Factors.  T1  CAGES  Unit  Price  Book  for  Region  II  dated  July  1 , 1985 
has  been  used  for  all  costs  and  can  be  obtainc  from  the  Corps  District  Cost  Estimating  Section. 

In  reviewing  material  prices,  there  will  usually  be  many  grades  listed  for  the  component  in  question. 
Since  only  one  entry  for  the  component  task  will  be  made  for  the  maintenance  data  base,  it  is  important 
to  use  the  middle  grade  for  pricing.  This  will  produce  an  average  material  cost. 

When  materials  are  not  given  in  the  CACES  manuals,  other  material  pricing  manuals,  such  as 
Means,  should  be  used  to  determine  the  cost. 

The  material  cost  for  the  shingles,  $0.26/sq  ft,  was  taken  from  the  CACES  Unit  Price  Book  for 
Region  II  as  cited  above.  The  CACES  number  is  0751-1002.  The  cost  for  the  mastic  was  taken  from  the 
1985  Means  Handbook,  p  402,  circle  number  94.  This  task  required  25  percent  of  the  mastic  reported  in 
the  Means  task.  The  calculation  is;  2.45  Ib/sq  ft  x  $490/ton/2000  Ib/ton  =  $0.59976/sq  ft.  For  a  single- 
ply  roof,  this  value  is  $0.59976/4  =  $0.15/sq  ft. 

The  normal  equipment  cost  is  for  a  maintenance  truck  witli  all  required  tools  such  as  ladder  and 
hand  tools.  The  cost  for  the  truck  and  equipment  is  usually  based  on  task  duration. 
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Task  frequency  detennination  is  the  most  subjective  area  in  the  data  base.  Most  frequencies  must 
be  detennined  by  the  judgment  of  professional  maintenance  personnel  with  many  years  of  experience  in 
performing  the  maintenance  tasks.  Some  task  frequencies  are  suggested  by  the  manufacturer  or 
professional  organizations.  Some  frequencies,  such  as  for  interior  wall  painting,  are  set  by  regulations. 
There  is  very  little  published  information  in  this  area. 

The  data  base  has  been  reviewed  by  10  installation  Directorates  of  Engineering  and  Housing  (DEHs) 
and  has  been  determined  to  accurately  represent  the  resources  required  to  perform  the  tasks.  This  data 
base  serves  as  the  foundation  for  the  tables  published  in  this  report.  The  complete  data  base  is  too  large 
to  be  duplicated  in  this  report,  but  is  available  in  the  USACERL  Special  Report  series  titled  Maintenance 
Task  Data  Base  for  Buildings. 

The  maintenance  steering  committee  asked  Forts  Leonard  Wood  and  Bragg  to  use  the  tasks  to 
produce  resource  estimates  for  the  past  3  years  and  then  compare  the  predictions  with  their  actual 
expenditures  on  a  facility-by-facility  basis.  After  this  comparison  was  performed  by  both  installations, 
the  results  were  presented  to  the  steering  committee.  Both  installations  stated  that  they  were  not 
performing  all  the  tasks  that  they  should,  such  as  annual  gutter  cleaning  and  annual  roof  inspection.  For 
the  total  installation,  the  tasks  predicted  an  8  to  10  percent  higher  total  expenditure  than  the  actual 
expenditure.  This  difference  was  due  to  the  difference  between  the  tasks  predicted  and  actually  performed. 
When  comparisons  were  made  at  the  task  level,  the  task  resource  predictions  were  found  to  be  accurate. 

Two  additional  reviews  were  performed  by  two  independent  organizations  that  had  related  research 
work  in  the  Army.  The  first  review  was  for  a  research  project  to  determine  the  maintenance  requirements 
for  historical  family  housing  within  the  Military  District  of  Washington,  DC.  The  second  review  was  a 
research  project  which  needed  an  estimate  of  all  resource  requirements  for  the  entire  Army.  This  effort 
is  known  as  the  RPLANS  research  project.  Both  organizations  reviewed  the  data  base  in  detail  and 
approved  the  resource  requirements  stated  in  the  tasks.  In  addition,  both  used  the  data  base  within  their 
research  projects. 


Significance  of  the  Task  Data 

The  task  data  presented  in  the  previous  section  is  based  on  average  resources.  Actual  resource 
values  for  a  particular  project  will  vary  as  discussed  below. 

The  labor  hours  reported  will  vary,  depending  on  factors  such  as  the  actual  productivity  of  the 
workers,  the  weather  conditions,  and  the  woiking  space  available.  The  labor  hours  given  in  this  report 
are  based  on  the  average  obtained  from  performing  time  and  motion  studies  as  tasks  were  performed. 

The  Washington,  DC,  material  costs  will  vary,  depending  on  factors  such  as  the  grade  of  material 
actually  used,  the  manufacturer,  and  the  quantity  of  material  actuaUy  purchased.  The  figures  given  are 
the  averages  for  all  material  prices  found  in  the  unit  price  books. 

Task  frequencies  are  the  most  subjective  feature  in  the  data  base.  High,  average,  and  low  frequency 
values  are  given  to  emphasize  the  variances.  Average  frequencies  are  used  in  developing  the  life-cycle 
analysis  tables  presented  in  the  following  sections. 
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Component  Summary  Tables 

A  typical  component  summary  is  shown  in  Table  2  (Chapter  1).  The  development  process  is 
illustrated  by  using  the  labor  resource  for  the  shingle  roof  component. 

All  tasks  related  to  the  shingle  roof  component  are  listed  individually  in  Table  6,  with  a  task 
summary  in  Table  7.  The  task  average  frequency  is  used  to  project  times  of  occurrence  of  M&R  tasks 
for  the  first  25-year  period  as  shown  in  Table  8.  All  task  resources  are  expressed  per  square  foot  of  roof 
surface. 

The  first  task  (Ta.sk  1  -  0311351  -  Debris  Removal  by  Hand  and  Visual  Inspection)  has  an  average 
frequency  (AVE  FREQ  in  Table  6)  of  1 .00  years;  thus,  it  would  be  performed  each  year.  The  labor  hours 
(0.000754  in  Table  6)  are  listed  for  each  of  (he  25  years  in  the  second  column  of  Table  8. 

The  second  task  (Task  2-031 1352  -  Non-Dcstniclivc  Moisture  Inspection)  has  an  average  frequency 
from  Table  6  of  3.00  years;  thus,  it  would  be  performed  once  every  3  years.  The  labor  hours  (0.000234 
in  Table  6)  arc  listed  for  tlic  yearn  3,  6,  9,  12,  15,  18,  21,  and  24  in  the  third  column  of  Table  8. 

The  third  task  (Task  3  -  031 1353  -  Minor  Repairs)  has  an  average  frequency  of  1  year;  thus  it  would 
be  performed  each  year.  The  labor  hours  (0.001310  in  Table  6)  arc  listed  for  each  of  the  25  years  in  the 
fourth  column  of  Table  8. 

The  fourth  task  (Task  4  -  0311354  ■  Minor  Replacement)  has  an  average  .^'rcqucncy  of  5  years;  thus, 
it  would  be  performed  once  every  5  years.  The  labor  hours  (0.000822)  are  listed  for  years  5, 10, 15,  20, 
and  25  in  tlic  fifth  column  of  Table  8. 

'fhe  fifth  task  (Task  5  •  0311355  -  Fla.shing  Repairs)  has  an  average  frequency  of  1  year;  thus,  it 
would  be  performed  each  year.  I'he  labor  hours  (0.000348  in  Table  6)  arc  listed  for  each  year  in  the  sixth 
column  of  Table  8. 

The  sixth  task  (Task  6  -  031 1356  -  Replace  New  Over  Existing  Shinglc.s)  has  an  average  frequency 
of  20  years;  dius,  it  would  be  performed  every  20  years.  The  labor  hours  (.029961  in  Table  6)  arc  listed 
for  year  20  in  the  scvcntli  column. 

The  seventh  task  (Task  7  -  031 1357  -  Removal  and  Replacement  of  Shingled  rool)  has  an  average 
frequency  of  40  years  which  is  beyond  the  25 -year  study  period.  No  entries  are  made  in  column  eight 
of  Table  8  since  this  task  will  never  be  performed  witliin  the  study  period. 

The  total  column  in  Table  8  is  formed  by  adding  the  labor  hours  for  tasks  one  through  seven  on  a 
year-by-ycar  basis.  For  example,  during  the  third  year.  Tasks  1,  2,  3,  and  5  arc  performed.  The  total 
labor  hours  would  be  .000754  +  .000234  +  .001310  +  .000348  which  equals  0.002646. 

The  total  column  in  Table  8  is  shown  in  Table  2.  The  material  costs  and  ctjuipmcnt  hours  have 
been  developed  in  die  same  manner  as  explained  for  the  labor  hours. 


18 


Table  6 


Tasks  for  a  Shingle  Roof 


TASK  DATA  FORM 
Task  Code:  0311351 

Conoonent:  SHINGLES  System:  ROOFING  _  Subsystem;  ROOF  COVERING 

Task  OescripITwil  . . '  "  DEBRIS  REHOtf.BY  HAND  t  VIS.  iNSP.-SHiNGLIgp  ROOF 

Unit  of  Measure:  SQIIARE~FEEt  Trequency  ot  Occurrence;  H;  Q.VU  A:  1.00  L;  l.iu 

Persons  per  Team:  ii  Task  Duration:  0.0004  hours  Once  every  (H,a,L)  years 

Trade:  ROOFER _ Task  Classification:  0 


Labor  Resources 


Material  Resources 


Subtask  Description 
TTSET'OPySECURE/TAKE'  DWlTTADIJEir 
2. PICK  UP  TRASH/0E8RIS, INSPECTION 


Labor  Hrs  Description  Quantity  Unit  Cost 

“onnraDnn  -  oddd" 

0.000500 


SUMMARY 


Resources  UOM 

Direct 

Indirect 

Total 

Labor  Hours 

1 

1 

1 

O.dOOUA 

Material  Cost  S 

0.000000 

Eouipment  Hours 

wm'mmu 

Components  In  This  Task:  0311350 


TASK  DATA  FORM 
Task  Code:  0311352 

Conconent;  SHINGLES  System:  ROOFING  Subsystem:  ROOF  COVERING 

Task  DescripTTofn — . .  WOITPFSTRUCTIVE  MOTTfURg  IHSP.' 'StfINTirEg  ROOF _ 

Unit  of  Measure:  SQUARE  Fee i  frequency  ot  Occurrence;  H;  2.00  A;  3.00  L;  4. UP 

Persons  per  Team:  2  Task  Duration:  0.0001  hours  Once  every  (H,A,L}  years 

Trade;  ROOFER _  Task  Classification:  0 


Labor  Resources 


Material  Resources 


Subtask  Description 

TT^FrUPTSECnRlTTAKE 

2.0NSIIE  INSPECT. OF  ROOF  MEMBRANE 


labor  Hrs  Description 

‘■DTODDDBO  - - 

0.000100 


Quantity  Unit  Cost 

- - onrooDT 


SUMMARY 


Resources  UOM 

Direct 

Indirect 

Total 

Labor  Hours 

u.uuuIbo 

- O:  0001154 — 

000234 

Material  Cost  $ 

OmUODOD 

07D0DD0D 

Eouipment  Hours 

o.uuon/ 

Components  in  This  Task;  0311350 
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Table  6  (Cont’d) 


TASK  DATA  FOfiH 
Task  Code:  0311353 

'.wiponent:  SHINGLES _ System:  ROOFING _  Subsystem:  ROOF  COVERING 

I  ask  Description:  hINoITrEPAIRS  -  ShTHGTed  ROOF _ 

Unit  of  Heasure:  SQUARE  "FEET  Frequency  ot'Occurrence:  H:  U./S  XI  TTDD  L:  l.'tjS 

Persons  per  Team:  2  "  Task  Duration:  0.0007  hours  Once  every  (H,A,Ly  years 

Trade:  ROOFER _ Task  Classification:  0 


Labor  Resources 


Material  Resources 


2. REMOVAL  OF  ADJACENT  SHINGLES  0.000570 
3. INSTALL  SHINGLES  0.000258 
A. CLEAN  UP  0.000020 


Description 

SRIHCLES 

MASTIC 


Quantity 
TOirSF^ 
0.02  SF 


Unit  Cost 

o!i5oo 

- ODB2 


SUMMARY 


Resources  UOH 

Direct 

Indirect 

- ToFaT 

Labor  Hours  ITDDIDDa  07000302  07001310 

Hateriat  Cost  s 

OTUDKOir^ 

07005200 

Equipment  Hours 

0TD00655 

Components  In  This  Task:  311350 


TASK  DATA  FORM 
Task  Code;  031 135 A 

Component:  SHINGLES  System:  ROOFING  Subsystem:  ROOF  COVERING 

Task  Description':  -  '  ~T[TWgrREPLACEHENT  ^inWCLED' ROOF  '  ' _  _ _ 

Unit  of  Measure:  SQUARE "Feet  Frequency  of  Occurrence:  H;  A.uU  A:  b.uJ  n~  6.UU 

Persons  per  Team:  2  Task  Duration:  O.OoOA  hours  Once  eyery  (H,A,L) 'years 

Trade:  ROOFER _ Task  Classification:  0 


Labor  Resources 


Material  Resourres 


Subtask^Descrigtion^ 

2!rEH0VAL  OF  DAMAGED  SHINGLES 
3. INSTALL  SHINGLES 
A. CLEAN  UP 


Labor  Hrs 

"U.TraOTSD 

0.000130 

0.000322 

0.000020 


Description 

HAsnc^ — 

SHINGLES 


Quantity 

TJTDZS^r 
0.025  SF 


Unit  Cost 
HTTSDIT 
0.2600 


SUMMARY 


Resources  LXIM 

Direct 

indirect 

- ToFaT 

Labor  Hours 

000532 

070DDT90 

D7DD0H22 

Material  Cost  5 

— 07030250 - 

Equipment  Hours 

u.uuuAu 

Conponents  In  This  Task:  0311350 
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Table  6  (Cont’d) 


Canpooent:  SHINGLES 
Task  Description: 
Unit  of  Measure: 
Persons  per  Team: 
Trade:  ROOFER 


SSKHTTEFT 
~7 - 


TASK  DATA  FORM 
Task  Code:  0311355 
System:  ROOFING 

TnreHTNG  REPAIRS  -“SBTffsrEtnroor 


Subsystem:  ROOF  COVERING 


Task  Duration 


Labor  Resources 


Subtask  Description 


Tr^ErUPySECURE/TAKrUOUH  LADDER' 

2.  REMOVE  ADJOINING  SHINGLES 

3.  REMOVE  STEP  FLASHING 

4.  INSTALL  NEU  STEP  FLASHING 

5.  PLACE  NEU  SHINGLES  IN  POSITION 

6. CLEAN  UP 


Component:  SHINGLES 
Task  Description: 


Frequency  of  Occurrence:  fff 
T  0.0b02  hours  On 

Task  tlassif ication:  0 


Once  every  (H, A, L)  years 


Material  Resources 


Labor  Mrs 
"OniDDTSO 
0.000057 
0.000002 
0.000003 
0.000026 
0.000020 


Description 


ripti 

HltC" 


Quantity 

•0702  SF 


Unit  Cost 


•ir63Dr 

0.0126 


SUMMARY 


Resources  ugn 

Direct 

Indirect 

- ToTaT 

Labor  Hours 

000238 

O.UUbOBO 

D7D003CS 

Material  Cost  % 

D7DT23DD 

07012300 

Eoulpment  Hours 

070DDT7X 

Components  In  This  Task:  0311350 

TASK  DATA  FORM 
Task  Code:  0311356 

System:  ROOFING 

ffEPTACE  NEU  OVER  EiiTSTIilG'^lifCrEirROOF 

IdTDO 


Subeystem;  ROOF  COVERING 


Unit  of  Measure:  square  feei  Frequency  of  occurrence 

Persons  per  Team:  ~~  2  lask  buration:  0.0150  hours 

Trade:  ROOFER _ Task  Classification:  1 


in~  18.00 

Once  every  (H,A,L}  years 


22.  Ob 


Labor  Resources 


Subtask  Description 

TTSI-niPi'SEajRE/TAkE'KJUN  LADDEr 

2.  REPLACE  UlTH  NEU  SHINGLE 

3.  CLEAN  UP 


Material  Resources 


Labor  Hrs 
~DTD0aT50 
0.012887 
0.010000 


Description 


Descrtp 

SHIHGEl' 

mastic 


Out It i tv 
1.0  SF 


Unit  Cost 

- 07Z500* 

0.1500 

0.410d 


SUMMARY 


Resources  UCM 

Direct 

indirect 

lotai 

Labor  Hours 

— 07023057 - 

'  U7TJ05914 

u.u^yyoi 

Material  Cost  $ 

— DTATDDOO - 

0.41UUUU 

Eouipnient  Hours 

u.uisyoi 

Components  In  This  Task:  0311350 
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Table  6  (Cont’d) 


TASK  DATA  )FO«H 
Task  Code:  0311357 


Conoonent:  SHINGLES _  Syste«n:  ROOFING _ 

Task  Description:  _  RfcHd?7l  AND  REPlACFHrBt^OF  StilllClES 

Unit  of  Measure:  SQUARE  fEH  Frequency  of  OccurrenceT" 

Persons  per  Team:  Task  Duration:  Q.OSO6  hours 

Trade:'  ROOFER _ _  Task  Classification:  1 


SubsystL'Ci:  ROOF  COVERING 
ROOF  _ 


Once  every  (H,A,[j  years 


Labor  Resources 


Material  Resources 


Subtask  Description 

2. REMOVE  EXISTING  SHINGLES 
3. INSTALL  1  PLY  BASE  FELT  NAILED 
4. INSTALL  SHINGLES 
5. CLEAN  UP 


Labor  Hrs 

0.006580 

0,002050 

0.012887 

0.010000 


Description 
IITII 

SHINGLES 


Quant i t 


Unit  Cost 


SUMMARY 


Components  In  This  Task:  0311350 
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Task  Summary  Data  for  Shingle  Roof 
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Shingle  Roof  Spreadsheet — Labor  Hours 
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The  component  data  base  is  not  printed  in  this  report  because  of  its  size.  Component  summary  data 
tables  are  published  in  the  USACERL  Special  Report  series  titled  Maintenance  Component  Data  Base  for 
Buildings. 


Life-Cycle  Cost  Analysis  Tables 

The  main  purpose  of  this  report  is  to  provide  the  designer  with  easy-to-use  tables  for  the  most 
common  life-cycle  cost  analysis.  USACE  designers  frequently  perform  life-cycle  cost  analysis  for  a  25- 
year  period  using  a  7  or  10  percent  discount  rate  shown  in  Tables  9  and  10.  Two  sets  of  summary  tables 
have  been  generated  for  these  cases  and  are  given  in  Appendices  A  and  B.  Table  3  shows  typical  life- 
cycle  cost  analysis  data. 

Present  Worth.  The  left  four  columns  of  Table  3,  labeled  "Present  Worth  of  All  25-Year 
Maintenance  and  Repair  Costs,"  were  developed  by  multiplying  the  resources  in  Table  2  by  the  7  or  10 
percent  present  worth  factors  shown  in  Tables  9  and  10.  The  25  individual  year  resource  figures  are 
totaled  as  shown  for  labor  in  Table  8. 

The  1988  Washington,  DC  area  labor  and  equipment  rates  were  applied  to  this  data  to  produce  the 
totals  shown  in  the  column  so  titled.  This  column  is  given  to  provide  one  comparative  cost  figure  for  easy 
computation.  This  column  can  be  used  to  quickly  assess  the  ranking  of  various  components’  total  25-ycar 
LCC. 


Annual  and  High  Cost.  The  right  section  of  Table  3  is  provided  as  input  data  for  current  life-cycle 
cost  analysis  computer  programs.  Two  types  of  input  arc  usually  required:  (1)  a  uniform  or  annual 
maintenance  figure  and  (2)  high-cost  and  replacement  tasks  that  occur  in  specific  years. 

The  data  listed  under  the  heading  "Annual  Maintenance  and  Repair"  was  generated  by  subtracting 
the  present  worth  of  the  replacement  task,  if  its  occurrence  is  25  years  or  less,  and  any  high-cost  tasks 
from  the  present  worth  values  given  in  the  "Present  Worth"  section  of  the  table.  The  remaining  present 
worth  figures  for  the  low-cost  task  resources  are  divided  by  the  cumulative  25-year  present  worth  figure 
to  arrive  at  the  "uniform"  or  "annual"  maintenance  figures  shown  under  the  "Annual  Maintenance  and 
Repair"  heading. 

There  are  two  types  of  tasks  listed  under  the  heading  "Replacement  and  High-Cost  Tasks."  The  first 
is  the  replacement  task.  The  replacement  task  is  shown  on  the  same  line  as  the  component  description. 
For  example,  the  replacement  task  for  Built-up  Roofing  shown  in  Table  3  would  occur  when  the  built-up 
roof  is  28  years  old.  Replacement  would  require  the  expenditure  of  0.04938  hours  of  labor  per  square 
foot,  $0.70490  of  material  per  square  foot,  and  0.02469  hours  of  equipment  (roofing  maintenance  Uuck) 
per  square  foot  of  roof  area.  The  second  type  of  task  is  the  high-cost  task.  Each  high-cost  task  is  listed 
on  a  separate  line  below  the  component  description  line.  For  example,  there  is  one  high-cost  task  for 
built-up  roofing  shown  in  Table  3.  The  high-cost  task  "Place  New  Membrane  Over  Existing  Built-up 
Roof  would  occur  when  the  roof  is  14  years  old.  This  would  require  the  expenditure  of  0.02414  hours 
of  labor  per  square  foot,  $0.69960  of  material  per  square  foot,  and  0.01207  hours  of  equipment  (roofing 
maintenance  truck)  per  square  foot  of  roof  area. 
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Table  9 

Seven  Percent  Discount  Factors  From  Date  of  Study 
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Date  of  Study  (DOS)  is  the  Beneficial  Occupancy  Date  (BOD) 
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For  example,  using  the  shingle  roof  labor  hours,  the  total  labor  hours  for  the  25-year  period  shown 
in  Table  3  is  0.02210.  The  replacement  task  would  occur  in  year  40  and  is  not  included  in  the  study 
period.  The  task  of  placing  one  new  layer  of  shingles  over  the  existing  roof  occurs  in  year  20.  The  labor 
hours  value  shown  in  Table  3,  0.02996,  is  multiplied  by  the  present  worth  factor  for  year  20  shown  in 
Table  10, 0.1171,  to  obtain  a  present  worth  labor  hour  of  0.00351.  This  value  is  now  subtracted  from  the 
total  period  labor  hours:  0.02210  -  0.00351  =  0.01859.  This  figure  represents  the  combination  of  all 
nonreplacemcnt  and  high-cost  tasks.  Most  computer  programs  allow  the  user  to  input  one  annual 
maintenance  figure.  To  convert  this  present  worth  back  into  an  equivalent  annual  figure,  tlie  0.01859  is 
divided  by  the  accumulated  present  woilh  value  of  7.1526  sliown  at  the  bottom  of  Table  10  for  a  uniform 
value  of  0.00259. 
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4  DATA  BASE  APPLICATION  EXAMPLES 


Introduction 

This  chapter  is  divided  into  two  sections.  The  first  section  defines  the  terminology  used  in  the 
report  and  information  needed  to  apply  the  labor  hour,  material  cost  and  equipment  hour  resource  data  in 
this  report.  The  second  section  gives  specific  examples  using  both  the  10  percent  present  worth  tables 
given  in  Appendix  B  and  the  7  percent  present  worth  tables  given  in  Appendix  A. 


Terminology 
Economic  Studies 

Two  basic  types  of  economic  studies  are  covered  in  this  report:  (1)  general  economic  studies  and 
(2)  special  energy-conservation  studies. 

General  economic  studies  are  conducted  routinely  as  part  of  tlie  design  process  for  all  military 
facilities.  Such  studies  are  normally  performed  for  a  25-year  period  using  a  10  percent  discount  rate  and 
considering  tasks  to  be  performed  mid-year.  The  Beneficial  Occupancy  Date  (BOD)  occurs  approximately 
3  years  after  the  Date  of  Study  (DOS)  for  most  MILCON  projects,  and  that  is  what  is  assumed  in  the 
example  provided  herein. 

Special  economic  studies  for  the  design  of  energy-consuming  portions  of  a  building  are  required  by 
statute.  Such  studies  analyze  the  use  of  extraordinary  energy-saving  design  initiatives  to  conserve  energy 
in  new  Federal  facilities.  The  studies  are  normally  perfonned  for  a  25-year  period  using  a  7  percent 
discount  rate  considering  all  tasks  to  be  performed  at  the  end  of  the  year.  The  BOD  is  normally  assumed 
to  occur  on  the  DOS,  in  accordance  with  the  provisions  of  the  design  criteria. 

Installation  Labor  Rates 

To  perform  an  accurate  cost  analysis,  the  current  shop  effective  labor  rates  and  equipment  rates  per 
hour  must  be  obtained  from  the  installation.  This  information  can  be  obtained  from  the  DEH.  Telephone 
numbers  for  the  DEH  are  listed  in  the  "Director  of  Engineering  and  Housing/Facilities,  Engineer 
Assignments  Roster"  published  yearly  by  the  Office  of  the  Chief  of  Engineers.  Most  installations  maintain 
this  infonnation  within  their  IFS  data  base;  it  can  be  obtained  from  the  IFS  data  base  administrator  within 
the  Management  Engineering  and  Systems  Branch. 

Initial  Costs 

The  initial  construction  costs  can  be  obtained  from  the  CAGES  Regional  Unit  Cost  Manuals.  The 
manuals  are  available  from  the  disUict  cost  estimating  section.  When  this  manual  is  not  available  the  cost 
estimates  can  be  taken  from  other  publications  such  as  Means  and  Dodge. 

Geographical  Location  Adjustment  Factors 

The  Washington,  DC-based  material  costs  in  the  summary  tables  can  be  adjusted  to  a  specific 
installation  through  the  application  of  a  geographical  location  adjusunent  factor.  The  factors  are  published 
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in  AR  415-17  and  updates  are  available  through  the  PAX  computer  system  (Area  Cost  Factor  Newsletter) 
and  through  the  Engineering  Improvement  Recommendation  System  (EIRS)  Bulletin.  The  1988  set  of 
factors  is  given  in  Appendix  D. 

Inflation  Factors 

The  material  costs  and  Washington,  DC,  total  costs  presented  in  Appendices  A  and  B  are  in  July 
1988  dollars.  The  costs  need  to  be  adjusted  to  the  date  of  study  by  applying  an  approved  inflation  factor 
obtained  from  the  District  cost  estimating  office. 


Timing  of  Costs 

Figure  1  shows  the  relationship  of  DOS,  BOD,  and  the  end  of  thj  study  (EOS)  which  is  assumed 
to  be  a  25-year  comparison  period: 


0 


DOS 


BOD 


EOS 


Figure  1.  DOS,  BOD,  EOS  rehitionshlp. 


In  Appendix  B,  costs  arc  discounted  3  years  from  time  of  occurrence  to  DOS.  M&R  costs  occur 
throughout  a  year  and  arc  costed  at  mid-year  in  accordance  with  established  criteria  for  MILCON  design. 
The  basic  present  worth  factor  formula  is: 

PWF(BA)  =  1 _ 

(1  +  DR)  [Eq  1] 

where  PWF  =  present  worth  factor 
BA  =  building  age 
DR  =  discount  rate 
B  =  years  from  DOS  to  BOD 

C  =  task  placement,  cither  0.5  for  mid-year,  or  0  for  end  of  year. 

The  10  percent  present  worth  factor  to  bring  costs  from  the  mid-year  of  first  year  of  occupancy  to 
the  DOS  is  1/(1. 1)^-*  =  0.7164  which  is  tlie  first  value  in  Table  10.  If  the  DOS  is  not  3  years  before  BOD, 
Appendix  B  data  can  be  adjusted.  For  example,  if  there  is  only  1  year  between  BOD  and  DOS  (two  less 
than  the  3  years  in  tlic  appendices),  multiply  this  data  by  (1.1)^  If  there  arc  5  years  (2  years  more  than 
the  3  years  in  the  appendices),  divide  by  (1.1)^ 

In  Appendix  A,  tlie  DOS  and  BOD  are  identical.  M&R  costs  arc  assumed  to  occur  at  the  end  of 
the  year  as  stipulated  by  regulations.  The  basic  formula  is: 

PWF(BA)  =  1 

(1  +  DR)  [Eq  2] 
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where  PWF  =  present  worth  factor 
BA  =  building  age 
DR  =  discount  rate 

Disposal  CostsI Retention  Value 

When  disposal  costs/retention  value  is  considered,  it  should  be  expressed  as  a  percentage  of  the 
initial  cost  occurring  at  the  end  of  the  study  period.  The  present  worth  of  this  value  can  be  subtracted 
from  the  final  net  present  worth. 


Examples 

Introduction 

This  section  contains  one  example  for  each  of  the  basic  uses  for  this  life-cycle  cost  data.  The  first 
two  examples  demonstrate  the  procedures  for  calculating  LCC  for  construction  and  maintenance  and  repair 
when  the  DOS  is  exactly  3  years  before  the  BOD;  the  building  is  25  years  old  at  the  end  of  the  study;  and 
installation  resource  costs  are  available  from  the  installation.  TTie  third  example  demonstrates  the 
procedures  for  calculating  LCC  for  constmction  and  maintenance  and  repair  when  data  is  not  available 
from  the  installation  and  Washington,  DC,  cost  data  is  to  be  applied.  Examples  4  and  5  show  how  to 
adjust  data  to  cover  the  case  for  which  BOD  is  not  3  years  after  DOS.  Example  6  shows  how  to  use  the 
data  to  generate  input  for  other  computer  programs.  Example  7  demonstrates  the  use  for  a  project 
containing  an  extraordinary  energy-saving  design  initiative  to  conserve  energy. 

Each  example  is  presented  in  five  sections: 

1.  Statement  of  the  problem. 

2.  Identification  of  all  installation-related  infonnation. 

3.  Identification  of  all  component-related  infonnation. 

4.  Description  of  the  present  worth  calculations. 

5.  A  typical  calculation  worksheet. 

Example  1:  BOD  3  Years  After  DOS-Built-up  Roof 

Problem  Statement.  This  example  demonstrates  all  steps  using  a  built-up  roof  covering  with  an  area 
of  10,000  sq  ft.  An  apartment  building  for  family  housing  is  under  design  at  Fort  Eustis,  VA.  The  DOS 
is  July  1989.  The  projected  BOD  is  July  1992.  A  25-year  life-cycle  cost  analysis  using  a  10  percent 
discount  rate  is  required. 

Installation-Related  Data. 

Geographic  Location  Adjustment  Factor.  The  geographic  location  adjustment  factor  (L-AF)  can  be 
obtained  from  the  latest  EIRS  bulletin  or  from  the  Area  Cost  Factor  Newsletter  on  the  PAX  computer  sys¬ 
tem,  as  shown  in  Appendix  D.  The  factors  are  indexed  by  state  and  then  by  location  within  the  slate. 
From  Appendix  D,  for  Virginia  and  Fort  Eustis,  the  geographic  LAF  (or  Area  Cost  Factor  [ACF]  Index) 
is  0.96. 

Inflation.  The  cost  data  in  Appendix  B  is  expressed  in  July  1988  dollars.  Since  the  date  of  the 
study  is  July  1989,  all  cost  figures  must  be  adjusted.  A  telephone  conversation  with  a  Disuict  cost 
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cslimaior  has  revealed  that  the  costs  have  risen  2  percent  from  July  1988  to  July  1989.  This  means  that 
all  costs  need  to  be  multiplied  by  a  1.02  cost  adjusunent  factor. 

Resource  Rates.  The  labor  and  equipment  resources  in  Appendix  B  are  expressed  in  hours  per  unit 
measure.  To  obtain  accurate  cost  figures  the  designer  called  the  Fort  Eustis  DEH-MES  branch.  The  July 
1989  rates  of  $13.50/hr  for  a  roofer  and  $3.00/hr  for  a  roofing  maintenance  truck  were  obtained. 

Component  Information. 

Size.  The  designer  is  considering  a  built-up  roof  covering  with  an  area  of  10,000  sq  ft. 

Initial  Costs.  The  designer  obtained  a  CAGES  unit  price  manual  from  the  cost  estimator.  For  tlie 
built-up  roofing  component,  a  cost  of  $0.998/sq  ft  was  obtained.  (Nute.  if  ihe  component  is  not  found 
in  the  CAGES  Unit  Price  Manual,  otlier  books  such  as  Means  and  Dodge  can  be  used.) 

Retention  Value.  The  average  life  of  a  built-up  roof  is  28  years,  as  sliown  for  the  replacement  task 
in  Appendix  B.  At  the  end  of  the  25-year  analysis  period,  the  roof  covering  would  still  have  3  years  of 
life  remaining  or  3/28  =  11  percent  of  its  useful  life.  The  salvage  value  can  be  considered  to  be  11 
percent  of  the  initial  cost  of  $0,998  per  square  foot,  or  $0.1098/sq  ft. 

Present  Worth  Calculations.  Three  factors  must  be  considered  when  performing  a  present  worth  cal¬ 
culation:  initial  cost,  maintenance  costs,  and  salvage  value.  Each  factor  is  discussed  below. 

Initial  Costs.  The  average  construction  project  would  normally  be  completed  in  1  year.  The  con¬ 
tractor  nonnally  receives  progress  paymenLs  for  work  completed  throughout  the  construction  period.  The 
initial  cost  of  $0.998/sq  ft  is  assumed  to  occur  at  the  midpoint  of  construction  during  the  year  before 
BOD.  The  present  worth  factor  at  midyear  for  Uie  year  before  BOD  is  given  in  the  second  column  of 
Table  10  as  0.7880.  The  present  worth  of  the  initial  cost  would  be  the  initial  cost  multiplied  by  the 
present  worth  factor  1  year  before  BOD  or  $0.998/sq  ft  x  0.7880  =  $0.78642/sq  ft. 

25-Year  Maintenance  Cost.  The  total  25-year  maintenance  cost  is  composed  of  tlirce  parts:  labor, 
material,  and  equipment.  Labor  costs  per  square  foot  are  equal  to  the  labor  hours  per  square  foot  obtained 
from  Appendix  B,  multiplied  by  the  installation  labor  hourly  rate.  This  would  be  0.03987  hr/sq  ft 
multiplied  by  a  labor  rate  of  $13.50/hr,  which  is  equal  to  $0.53824/sq  ft. 

Labor  =  0.03987  hours/sq  ft  x  $13.50/hr  =  $0.53824/sq  ft  [Eq  3] 

Material  costs  per  .square  foot  are  equal  to  the  material  dollars  in  Washington,  DC,  base  per  square 
foot  obtained  from  Appendix  B,  multiplied  by  tlie  geographic  LAF  from  Appendix  D  and  then  multiplied 
by  the  inflation  factor.  This  would  be  $0.37166  DC-based  dollars  per  square  foot  multiplied  by  a  geo¬ 
graphic  LAF  of  0.96  and  a  cost  escalation  factor  (CEF)  of  1.02  which  is  equal  to  $0.36393/sq  ft. 

Material  =  $0.37166/sq  ft  x  0.96  x  1.02  =  $0.36393/sq  ft  [Eq  4] 

Equipment  costs  per  square  foot  are  equal  to  the  equipment  hours  per  square  foot  obtained  from 
Appendix  B,  multiplied  by  the  installation  equipment  hourly  rate.  This  would  be  0.01994  hr/sq  ft 
multiplied  by  an  equipment  rate  of  $3.00/hr  which  is  equal  to  $0.05982/sq  ft. 

Equipment  =  0.01994  hr/sq  ft  x  $3.00/lir  =  $0.05982/sq  ft  [Eq  5] 

Tiie  total  maintenance  cost  per  square  foot  would  be  tlie  labor  cost  ($0.53825/sq  ft)  plus  the  material 
cost  ($.36393/sq  ft)  plus  the  equipment  cost  ($0.05982/sq  ft)  or  $0.96199/sq  ft. 

Total  =  $0.53824/sq  ft  +  $0.36393/sq  ft  +  $0.05982/sq  ft  =  $0.96199/sq  ft  [Eq  6] 
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This  total  has  already  been  discounted  to  tiie  DOS  since  all  figures  on  the  left  side  of  the  table  in 
Appendix  B  are  expressed  in  terms  of  the  DOS. 

Retention  Value.  The  DOS  present  worth  for  the  retention  value  would  be  the  expected  retention 
value  of  $0.10980/sq  ft  multiplied  by  the  end-of-year  present  worth  factor  for  the  end  of  study  year  (EOS) 
obtained  from  Table  10,  0.06930,  which  produces  a  cost  of  $0.0076 1/sq  ft. 

Total  Life  Cycle  Cost  for  Construction  and  Maintenance  and  Repair.  The  total  life-cycle  cost  (LCC) 
per  square  foot  for  the  DOS  is  the  sum  of  the  present  worth  costs  for  the  initial  cost  of  $0.78642/sq  ft  plus 
the  25-year  maintenance  cost  of  $0.96199/sq  ft  minus  the  retention  value  of  $0.00761/sq  ft. 

Total  LCC  =  $0.78642/sq  ft  +  $0.96199/sq  ft  -  $0.00761/sq  ft  =  $1.74080/sq  ft  [Eq  7] 

The  total  dollar  cost  would  be  the  LCC  per  square  foot  of  $1.74080  multiplied  by  the  roof  area  of 
10,000  sq  ft  producing  a  total  cost  of  $17,408.00, 

Calculation  Sheet.  A  typical  calculation  sheet  is  shown  in  Table  11. 


33 


Example  2:  BOD  3  Years  After  DOS-Shingle  Roof 


Problem  Statement.  This  example  demonstrates  all  steps  using  a  shingle  roof  covering  with  an  area 
of  10,000  sq  ft.  An  apartment  building  for  family  housing  is  under  design  at  Fort  Eustis,  VA.  The  DOS 
is  July  1989.  The  projected  BOD  is  July  1992,  3  years  after  DOS.  A  25-year  LCC  analysis  using  a  10 
percent  mid-year  discount  rate  is  required. 

Installation  Related  Data. 

Geographic  location  adjustment  factor.  The  geographic  LAF  can  be  obtained  from  the  latest  EIRS 
bulletin  on  the  PAX  computer  system  as  shown  in  Appendix  D.  The  factors  are  indexed  by  state  and  then 
by  location  within  the  state.  From  Appendix  D  for  Virginia  and  Fort  Eustis,  the  geographic  LAF  (or  ACF 
Index)  is  0.96. 

Inflation.  The  cost  data  in  Appendix  B  is  expressed  in  July  1988  dollars.  Since  the  DOS  is  July 
1989,  all  cost  figures  must  be  adjusted.  A  telephone  conversation  with  a  District  cost  estimator  has 
revealed  that  the  costs  have  risen  2  percent  from  July  1988  to  July  1989.  This  means  that  all  costs  need 
to  be  multiplied  by  a  1.02  cost  adjustment  factor. 

Resource  Rates.  The  labor  and  equipment  resources  in  Appendix  B  are  expressed  in  hours  per  unit 
measure.  To  obtain  accurate  cost  figures  the  designer  called  the  Fort  Eustis  DEH-MES  branch.  The  July 
1989  rates  for  a  roofer,  $13.50/hr  and  the  roofing  maintenance  truck,  $3.00/hr,  were  obtained. 

Component  Information. 

Size.  The  designer  is  considering  a  .shingle  roof  covering  willi  an  area  of  10,000  square  feet. 

Initial  Costs.  The  designer  obtained  a  CAGES  Unit  Price  Manual  from  the  cost  estimator.  For  the 
sliinglc  roofing  component,  a  cost  figure  of  $0.660/sq  ft  was  obtained.  (Note,  if  the  component  is  not 
found  in  the  CAGES  Unit  Price  Manuai,  other  books  such  as  Means  and  Dodge  can  be  used.) 

Retention  Value.  The  average  life  of  a  shingle  roof  is  40  years  as  shown  for  the  replacement  table 
in  Appendix  B.  At  the  end  of  the  25-year  analysis  period,  the  roof  covering  would  still  have  15  years  of 
life  remaining  or  15/40  =  37.5  percent  of  its  useful  life.  The  salvage  value  can  be  considered  to  be  37.5 
percent  of  the  initial  cost  of  $0.660/sq  ft  or  $0.2475/sq  ft. 

Present  Worth  Calculations  Three  factors  need  to  be  considered  when  performing  a  present  wortli 
calculation:  initial  cost,  maintenance  costs,  and  salvage  value. 

Each  factor  is  discussed  below. 

Initial  Costs.  The  average  construction  project  would  normall>  be  completed  in  1  year.  The  con¬ 
tractor  normally  receives  progress  payments  for  woii  completed  throughout  the  construction  period.  The 
initiitl  cost  of  $0  660/sq  ft  is  assumed  to  occur  at  the  midpoint  of  construction  during  the  year  before 
BOD,  The  present  worth  factor  at  midyear  for  the  year  before  BOD  is  given  in  the  second  column  of 
Table  10  as  0.7880,  The  present  worth  of  the  initial  cost  would  be  the  initial  cost  multiplied  by  the 
present  worth  factor  1  year  before  BOD  or  $0.660/sq  ft  x  0.7880  =  $0.52008/sq  ft. 
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25-Year  Maintenance  Cost.  The  total  25-year  maintenance  cost  is  composed  of  three  parts:  labor, 
material,  and  equipment.  Labor  costs  per  square  foot  are  equal  to  the  labor  hours  per  square  foot  obtained 
from  Appendix  B  multiplied  by  the  installation  labor  hourly  rate.  This  would  be  0.02222  hr/sq  ft 
multiplied  by  a  labor  rate  of  $13.50/hr  which  is  equal  to  $0.29997/sq  ft. 

Labor  =  0.02222  hr/sq  ft  x  $13.50/hr  =  $0.29997/sq  ft  [Eq  8] 

Material  costs  per  square  foot  are  equal  to  tlie  material  dollars  in  Washington,  DC,  base  per  square 
foot  obtained  from  Appendix  B,  multiplied  by  the  geographic  LAP  from  Appendix  D  and  then  multiplied 
by  the  inflation  factor.  This  would  be  $0.22132  DC-based  dollars  per  square  foot  multiplied  by  a 
geographic  LAP  of  0.96  and  a  CEP  of  1.02  which  is  equal  to  $0.21672/sq  ft. 

Material  =  $0.22132/sq  ft  x  0.96  x  1.02  =  $0.21672/sq  ft  [Eq  9] 

Equipment  costs  per  square  foot  are  equal  to  the  equipment  hours  per  square  foot  obtained  from 
Appendix  B,  multiplied  by  the  installation  equipment  hourly  rate.  This  would  be  0.01112  hr/sq  ft 
multiplied  by  an  equipment  rate  of  $3.00/hr  which  is  equal  to  $0.03333/sq  ft. 

Equipment  =  0.01111  hr/sq  ft  x  $3.00/hr  =  $0.03333/sq  ft  [Eq  10] 

The  total  maintenance  cost  per  square  foot  would  be  the  labor  cost  ($0.29997/sq  ft)  plus  the  material 
cost  ($0.21672/sq  ft)  plus  the  equipment  cost  ($0.03333/sq  ft),  or  $0.55002/sq  ft. 

Total  =  $0.29997/sq  ft  +  $0.21672/sq  ft  +  $0.03333/sq  ft  =  $0.55002/sq  ft  [Eq  1 1] 

This  total  has  already  been  discounted  to  the  DOS  since  all  figurcs  on  the  left  side  of  the  table  in 
Appendix  B  are  expressed  in  terms  of  tlie  DOS. 

Retention  Value.  The  DOS  present  worth  for  the  retention  value  would  be  the  expected  retention 
value,  $0.2475/sq  ft,  multiplied  by  the  end  of  year  present  worth  factor  for  the  EOD  obtained  from  Table 
10,  0.06930,  which  produces  a  cost  of  $0.01715/sq  ft. 

Total  Life  Cycle  Cost  for  Construction  and  Maintenance  and  Repair.  The  total  LCC  per  square  foot 
for  the  DOS  is  the  sum  of  the  present  worth  costs  for  the  initial  cost  of  $0.52008/sq  ft  plus  the  25-year 
maintenance  cost  of  $0.55002/sq  ft  minus  the  retention  value  of  $0.01715/sq  ft. 

Total  LCC  =  $0.52008/sq  ft  +  $0.55002/sq  ft  -  $0.01715/sq  ft  =  $1.05295/sq  ft  [Eq  12] 

The  total  dollar  cost  would  be  the  LCC  per  square  foot,  $1.05295,  multiplied  by  the  roof  area,  10,000 
sq  ft,  producing  a  total  cost  of  $10,529.50. 

Calculation  Sheet.  A  typical  calculation  sheet  is  shown  in  Table  12. 

Example  3:  BOD  3  Years  After  DOS  -  Washington,  DC  Rate  Applied 

Problem  Statement  This  example  demonstrates  all  steps  using  a  built-up  roof  covering  with  an  area 
of  10,000  sq  ft  An  apartment  building  for  family  housing  is  under  design  at  Fort  Eustis,  VA.  The  DOS 
is  July  1989.  The  projected  BOD  is  July  1992,  three  years  after  DOS.  A  25-year  life-cycle  cost  analysis 
using  a  10  percent  mid-year  discount  rate  is  required. 
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Table  12 


Calculation  Sheet  -  Example  2 


Initial  Cost 

Initial  Costs 
PWF  for  BOD-1 
Initial  Costs/sq  ft 

25-Year  Maintenance  Cost 

PW  -  Labor 
Labor  Rate 
Labor  cost/sq  ft 
■  PW  -  Material 
LAP 
CEF 

Material  cost/sq  ft 
PW  -  Equipment 
Equijtment  Rate 
Equipment  cost/sq  ft 
Maintenance  Cost/sq  ft 

Retention  Value 
Initial  Cost 
Remaining  Life 
PWF  for  EOS 
Retention  valuc/sq  ft 
Life  Cycle  Cost/sq  ft 
Area 

TOTAL  Life  Cycle  Cost 


Calculation 

Column 


S.660/sq  ft 
X  .7880 


.02222  hr/sq  ft 
X  Sl3.50/lir 

S.22132/sq  ft 
X  .96 
X  1.02 

.01111  hr/sq  ft 
X  S3.00/lir 


Subfactor 
Cost/so  ft 


S.29997/sq  ft 

S.21672/sq  ft 

$.03333/sn  ft 


S.660/sq  ft 
X.375 
X  .06930 


X  10,000  sq  ft 


Factor 
Cost/sq  ft 


S.52008/sq  ft 


Total 

Cost 


S.55002/sq  ft 


•  S.01715/SO  ft 
S1.05295/sq  ft 


$10,529.50 


The  designer  wishes  to  perform  a  rough  cost  estimate  witliout  calling  the  installation  to  obtain  cost 
information.  It  should  be  understood  that  the  installation’s  costs  may  vary  significantly  from  the 
Washington,  DC,  costs  and  the  rough  calculations  may  be  mi.sleading.  However,  if  the  designer  is  going 
to  compare  several  types  of  components  such  as  built-up,  slate,  and  shingle  roofs-all  of  which  involve 
the  identical  trade  such  as  a  roofer-the  comparisons  may  be  quite  accurate. 

Installntion-Related  Data. 


Geographic  Location  Adjustment  Factor.  The  geographic  LAP  can  be  obtained  from  the  latest  EIRS 
bulletin  or  from  the  Area  Cost  Factor  Newsletter  on  the  PAX  computer  system  as  show'n  in  Appendix  D. 
The  factors  are  indexed  by  state  and  then  by  location  within  the  state.  From  Appendix  D,  for  Virginia 
and  Fort  Eustis,  the  geographic  LAF  (or  ACF  Index)  is  0.96. 

Inflation.  The  cost  data  in  Appendix  B  is  expressed  in  July  1988  dollars.  Since  the  DOS  is  July 
1989,  all  cost  figures  must  be  adjusted.  A  telephone  conversation  with  a  District  cost  estimator  has 
revealed  that  the  costs  have  risen  2  percent  from  July  1988  to  July  1989.  This  means  that  all  costs  need 
to  be  multiplied  by  a  1.02  cost  adjustment  factor. 
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Resource  Rates.  The  designer  wishes  to  perfonn  a  rough  calculation  using  the  Washington,  DC, 
labor  and  equipment  rates  rather  than  calling  the  installation. 

Component  Information. 

Size.  The  designer  is  considering  a  built-up  roof  covering  with  an  area  of  10,000  sq  ft. 

Initial  Costs.  The  designer  obtained  a  CAGES  Unit  Price  Manual  from  the  cost  estimator.  For  the 
built-up  roofing  component,  a  cost  figure  of  $0.998/sq  ft  was  obtained.  (Note:  if  the  component  is  not 
found  in  the  CAGES  Unit  Price  Manual,  other  books  such  as  Means  and  Dodge  can  be  used.) 

Retention  Value.  The  average  life  of  a  built-up  roof  is  28  years,  as  shown  for  the  replacement  task 
in  Appendix  B.  At  the  end  of  the  25-year  analysis  period,  the  roof  eovering  would  still  have  3  years  of 
life  remaining  or  3/28  =  11  percent  of  its  usefiil  life.  The  salvage  value  can  be  considered  to  be  11 
percent  of  the  initial  cost  of  $0.998/sq  ft  or  $0.10980/sq  ft. 

Present  Worth  Calculations.  Three  factors  need  to  be  considered  when  performing  a  present  worth 
calculation;  initial  cost,  maintenance  costs,  and  salvage  value.  Each  factor  is  discussed  below. 

Initial  Costs.  The  average  construction  project  would  normally  be  completed  in  1  year.  The  con¬ 
tractor  normally  receives  progress  payments  for  work  completed  throughout  the  construction  period.  The 
initial  cost  of  $0.998/sq  ft  is  assumed  to  occur  at  the  midpoint  of  construction  during  the  year  before 
BOD.  The  present  worth  factor  at  midyear  for  the  year  before  BOD  is  given  in  the  second  column  of 
Table  10  as  0.7880.  The  present  worth  of  the  initial  cost  would  be  the  initial  cost  multiplied  by  the 
present  worth  factor  1  year  before  BOD  or  $0.998/sq  ft  x  0.7880  =  $0.78642/sq  ft. 

25-Year  Maintenance  Cost.  The  total  25-year  maintenance  cost  for  Fort  Eustis  can  be  calculated 
by  taking  the  Washington,  DC,  total  cost  per  square  foot,  $1.25,  and  multiplying  by  the  location 
adjustment  factor  (0.96)  producing  a  cost  of  $1.20/sq  ft. 

Retention  Value.  The  DOS  present  worth  for  the  retention  value  would  be  the  expected  retention 
value  of  $0.10980/sq  ft  multiplied  by  the  end  of  year  present  worth  factor  for  the  EOD  obtained  from 
Table  10,  0.06930,  which  produces  a  cost  of  $0.0076 1/sq  ft. 

Total  LCC  for  Construction  and  Maintenance  and  Repair.  The  total  LCC  per  square  foot  for  the 
DOS  is  the  sum  of  the  present  worth  costs  for  the  initial  cost  of  $0.78642/sq  ft  plus  the  25-year 
maintenance  cost  of  $1.20/sq  ft  minus  the  retention  value  of  $0.00761/sq  ft. 

Total  LCC  =  $0.78642/sq  ft  +  $1.20/sq  ft  -  $0.00761/sq  ft  =  $1.97881/sq  ft  [Eq  13] 

The  total  dollar  cost  would  be  the  LCC  per  square  foot,  $1.97881,  multiplied  by  the  roof  area, 
10,000  sq  ft,  producing  a  total  cost  of  $19,788.10 

Calculation  Sheet.  A  typical  calculation  sheet  is  shown  in  Table  13. 
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Table  13 


Calculation  Sheet  -  Example  3 


Calculation 

Column 

Initial  Cost 

IniUal  Cost  $.998/sq  ft 

PWF  for  BOD  x  .7880 

Initial  Cost/sq  ft 

25-Ymr  Maintenance  Cost 


PW  Total  $1.25/sq  ft 

LAF  X  .96 

Maintenance  Cost/sq  ft 

Retention  Value 

Initial  Cost  S.988/sq  ft 

Remaining  Life  x  .11 

PWF  for  EOS  X  .06930 

Retention  value/sq  ft 
Life  Cycle  cost/sq  ft 
Area 

TOTAL  Life  Cycle  Cost 


Subfactor  Factor  Total 

Cosi/sg  ft  Cosi/sg  ft  Cost 


$.78642/sq  ft 


$1.20/sq  ft 


■  X  10.000  so  ft 


•  $.00761 /so  ft 
S1.97881/sq  ft 

$19,788.10 


Example  4:  DOS  Less  Than  3  Years  Before  BOD 

Perfonu  the  calculations  as  shown  in  Examples  1  through  3.  The  answers  are  lower  than  the  actual 
DOS  answers.  The  calculated  values  must  be  adjusted  by  multiplying  by  the  formula: 

(1  +  DRf  [Eq  14] 

where  DR  =  discount  rate 

3  =  years  between  DOS  and  BOD  given  in  the  tables 
A  =  actual  years  between  DOS  and  BOD. 

For  example,  using  the  answer  of  $17,408.00  in  Example  1  and  assuming  1  year  between  BOD  and 
DOS  with  discount  rate  =  10%  (0.10),  the  formula  would  be  (1.10)^  ’^  =  (1.1)^^  =  1.21.  The  correct 
answer  would  be  $17,408.00  x  1.21  =  $21,063.68 

Example  5:  DOS  Greater  Than  3  Years  Before  BOD 

Perform  the  calculation  as  shown  in  Examples  1  tlirough  3.  The  answers  arc  larger  than  the  actual 
DOS  answers.  The  calculated  values  must  be  adjusted  by  dividing  by  the  formula: 

(1  +  DR)<''-2>  [Eq  15] 
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where  DR  =  discount  rate 

3  =  years  between  DOS  and  BOD  given  in  the  tables 
A  =  actual  years  between  DOS  and  BOD 

For  example,  using  the  answer  of  $17,408.00  in  Example  1  and  assuming  5  years  between  BOD  and 
DOS  with  d  =  10  percent  (0.10),  the  formula  would  be  (1.10)^*'^^  =  (1.10)®  =  1.21.  The  correct  answer 
would  be  $17,408.00  +  1.21  =  $14,686.78 

Example  6:  Computer  Input-BOD  3  Years  After  DOS  (Built-up  Roof) 

Problem  Statement.  This  example  demonstrates  all  steps  using  a  built-up  roof  covering  with  an  area 
of  10,000  sq  ft.  An  apartment  building  for  family  housing  is  under  design  at  Fort  Eustis,  VA.  The  BOD 
is  July  1992.  The  DOS  is  3  years  before  BOD  or  July  1989.  A  25-year  LCC  analysis  using  a  10  percent 
discount  rate  is  required.  A  computer  program,  such  as  the  Corps’  LCCID,  that  requires  an  annual 
maintenance  figure  and  high  cost  tasks  will  be  used. 

Installation  Related  Data. 

Geographic  Location  Adjustment  Factor.  The  LAF  can  be  obtained  from  the  latest  EIRS  bulletin 
or  from  the  Area  Cost  Factor  Newsletter  on  the  PAX  computer  system  as  shown  in  Appendix  D.  The 
factors  are  indexed  by  state  and  then  by  location  within  the  state.  From  Appendix  D,  for  Virginia  and 
Fort  Eustis,  the  geographic  LAF  (or  ACF  Index)  is  0.96. 

Inflation.  The  cost  data  in  Appendix  B  is  expressed  in  July  1988  dollars.  Since  the  DOS  is  July 
1989,  ^1  cost  figures  must  be  adjusted.  A  telephone  conversation  with  a  District  cost  estimator  has 
revealed  that  the  costs  have  risen  2  percent  from  July  1988  to  July  1989.  This  means  that  all  costs  need 
to  be  multiplied  by  a  1.02  cost  adjustment  factor. 

Resource  Rates,  The  labor  and  equipment  resources  in  Appendix  B  arc  expressed  in  hours  per  unit 
measure.  To  obtain  accurate  cost  figures  the  designer  called  the  Fort  Eustis  DEH-MES  branch.  The  July 
1989  rates  of  $13.50/hr  for  a  roofer  and  $3.00/hr  for  a  roofing  maintenance  tmek  were  obtained. 

Component  Information. 

Size.  The  designer  is  considering  a  built-up  roof  covering  with  an  area  of  10,000  sq  ft. 

Initial  Costs.  The  designer  obtained  a  CACES  Unit  Price  Manual  from  the  cost  estimator.  By 
looking  up  the  built-up  roofing  component,  a  cost  of  $0.998/sq  ft  was  obtained.  O’lote;  if  the  component 
is  not  found  in  the  CACES  Unit  Price  Manual,  other  books  such  as  Means  and  Dodge  can  be  used.) 

Retention  Value.  The  average  life  of  a  built-up  roof  is  28  years,  as  shown  for  the  replacement  table 
in  Appendix  B.  At  the  end  of  the  25-year  analysis  period,  the  roof  covering  would  still  have  3  years  of 
life  remaining  or  3/28  =  1 1  percent  of  its  useful  life.  The  salvage  value  can  be  considered  to  be  1 1 
percent  of  the  initial  cost  of  $0.998/sq  ft,  or  $0.1098/sq  ft. 

Data  Entry  Calculations  Four  factors  need  to  be  considered  when  performing  a  present  worth 
calculation:  initial  cost,  annual  maintenance  costs,  high  costs,  and  salvage  value.  Each  factor  is  discussed 
below. 
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Initial  Costs.  The  initial  cost  of  $0.998/sq  ft  is  estimated  from  CAGES  as  discussed  above. 

25-Year  Maintenance  Cost.  Tlie  total  annual  25-ycar  maintenance  cost  is  composed  of  Uirce  parts: 
labor,  material,  and  equipment.  Annual  labor  costs  per  .square  feel  are  equal  to  the  labor  hours  per  square 
foot  obtained  from  Appendix  B,  multiplied  by  the  installation  labor  hourly  rale.  This  would  be  0.00488 
hr/sq  ft/yr  multiplied  by  a  labor  rate  of  $13.50/hr,  which  is  equal  to  $0.06575/sq  ft/yr. 

Labor  =  0.00487  hr/sq  ft/yr  x  $13.50/lir  =  $0.06575/sq  ft/yr  [Eq  16] 

Annual  material  costs  per  square  foot  are  equal  to  the  material  dollars  in  Washington,  DC,  base  per 
square  foot  obtained  from  Appendix  B,  multiplied  by  the  geographic  LAP  from  Appendix  D,  and  then 
multiplied  by  the  inflation  factor.  This  would  be  $0.03171  DC-based  dollars  per  square  foot  per  year 
multiplied  by  a  geographic  LAP  of  0.96  and  a  CEP  of  1.02,  or  $0.03105/sq  ft/yr. 

Material  =  $0.03171/sq  ft/yr  x  0.96  x  1.02  =  $0.03105/sq  ft/yr  •  [Eq  17] 

Annual  equipment  costs  per  square  foot  are  equal  to  the  equipment  hours  per  square  foot  obtained 
from  Appendix  B,  multiplied  by  the  installation  equipment  hourly  rate.  This  would  be  0.00244  hr/sq  fl/yr 
multiplied  by  an  equipment  rate  of  $3.00/hr,  which  is  equal  to  $0.00732/sq  ft/yr. 

Equipment  =  0.00244  hr/sq  ft/yr  x  $3.00/lir  =  $0.00732/sq  ft/yr  [Eq  18] 

The  total  annual  maintenance  cost  per  .square  foot  would  be  the  labor  cost  ($0.06575/sq  fl/yr)  plus 
the  material  cost  ($0.03105/sq  ft/yr),  plus  the  equipment  cost  ($0.00732/sq  fl/yr)  or  $.104222/sq  ft/yr. 

Total:  $0.06575/sq  fl/yr  +  $0.03105/sq  fl/yr  +  $0.00732/sq  fl/yr  =  $0.10412/sq  fl/yr  [Eq  19] 

The  total  cost  figure  for  the  uniform  maintenance  cost  for  computer  entry  is  obtained  by  multiplying 
the  total  of  $0.10409  by  the  square  footage  of  10,000  sq  ft,  resulting  in  an  annual  cost  of  $10,409.00. 

High  Cost,  There  is  one  high-cost  task  for  built-up  roofing.  This  task  occurs  in  the  14ih  year.  The 
resources  required  to  perform  this  task  arc  given  below. 

The  labor  resources  arc  obtained  by  multiplying  Uic  labor  hours  per  square  foot,  0.02414,  by  the 
labor  rale,  $  13.50/hr,  resulting  in  $0.32589/sq  ft. 

Labor  =  0.02414  hr/sq  ft  X  $13.50/lir  =  $0.32589/sq  ft  [Eq  20] 

The  material  resources  are  obtained  by  multiplying  the  material  cost  in  DC  base,  $0.69960/sq  ft,  by 
the  cost  escalation  factor,  1.02,  and  the  loc.'iiion  tidjusimeni  factor,  0.96,  resulting  in  $0.68505/sq  ft. 

Material  =  $0.69960/sq  ft  x  1.02  x  0.96  =  $0.68505/sq  ft  [Eq  21] 

Equipment  resources  arc  obtained  by  multiplying  the  equipment  resources  of  0.01207  hr/sq  ft  by  the 
equipment  rate  of  $3.00/lir  resulting  in  $0.0362 1/sq  ft. 

Equipment  =  0.01207  hr/sq  ft  x  $3.00/lir  =  $0.0362 1/sq  ft  [Eq  22] 

Total  co.st  for  this  one  task  would  be  the  sum  of  the  labor,  material,  and  equipment  costs. 
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Total  =  $0.32589/sq  ft  +  $0.68505/sq  ft  +  $0.03621/sq  ft  =  $1.04715/sq  ft  [Eq  23] 


The  total  cost  figure  for  computer  entry  is  obtained  by  multiplying  the  total  of  $1.04715/sq  ft  by  the 
square  footage  of  10,000  for  a  cost  of  $10,471.50  occurring  in  year  14. 

Retention  Value.  The  expected  retention  value  is  calculated  as  follows:  at  the  end  of  the  25-year 
analysis  period,  the  roof  covering  would  still  have  3  years  of  life  remaining  or  3/28  =  1 1  percent  of  its 
useful  life.  The  value  is  then  1 1  percent  of  the  initial  cost  of  $0.998/sq  ft  or  $0.10978/sq  ft. 

The  calculated  values  are  entered  into  the  computer  and  the  computer  performs  the  appropriate 
discounting. 

Calculation  Sheet:  A  typical  calculation  sheet  is  shown  in  Table  14. 

Example  7:  Extraordinary  Energy-Saving  Design  Initiatives-Built-up  Roof 

Problem  Statement.  This  example  demonstrates  all  steps  involved  in  using  the  summary  tables  in 
Appendix  A  for  the  conventional  built-up  roof  covering  alternative.  An  apartment  building  for  family 
housing  is  under  design  at  Fort  Eustis,  VA.  The  designers  are  considering  the  use  of  a  new-technology 
energy  conserving,  low  maintenance  roof,  in  place  of  a  conventional  built-up  roof,  and  will  determine 
which  is  more  cost  effective  on  the  basis  of  a  life-cycle  cost  analysis.  The  roof  area  is  10,000  square  feet. 
The  DOS  is  July  1989.  The  analysis  period  is  25  years.  In  accordance  with  established  criteria  for 
energy-conservation  studies,  the  BOD  is  assumed  to  occur  on  the  DOS  (July  1989);  all  costs  are  assumed 
occur  at  the  end  of  the  year  in  which  they  are  projected  occur;  and  the  discount  rate  for  the  present  wortli 
calculations  is  assumed  to  be  7  percent. 

Installation  Related  Data. 

Geographic  Location  Adjustment  Factor.  The  geographic  LAF  can  be  obtained  from  the  latest  EIRS 
bulletin  or  from  the  Area  Cost  Factor  Newsletter  on  the  PAX  computer  system  as  shown  in  Appendix  D. 
The  factors  are  indexed  by  state  and  then  by  location  within  the  state.  From  Appendix  D,  for  Virginia 
and  Fort  Eustis,  the  geographic  LAF  (or  AOF  Index)  is  0.96. 

Inflation.  The  cost  data  in  Appendix  A  is  expressed  in  July  1988  dollars.  Since  the  DOS  is  July 
1989,  all  cost  figures  must  be  adjusted.  A  telephone  conversation  with  a  District  cost  estimator  has 
revealed  that  the  costs  have  risen  2  percent  from  July  1988  to  July  1989.  This  means  that  all  costs  need 
to  be  multiplied  by  a  1.02  cost  adjustment  factor. 
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Table  14 


ANNUAL  MAINTENANCE 


fnilial  Cost 

Initial  Cost/sq  ft 
Area 

Initial  Cost 

25-Ycar  Annual  Maintenance 
Labor  hours/sq  ft 
Labor  Rate 
Labor  cost/sq  ft 
Matcrial/sq  ft 
AF 
CEF 

Material  cost/sq  ft 
Equipment 
Equipment  Rate 
Equipment  cost/sq  ft 
Annual  Maintenance/sq  ft 
Square  Feet 

TOTAL  Annual  Maintenance 

HIGH  COST  TASK 
Labor 
Labor  Rate 
Labor  cost/sq  ft 
Material 
LAF 
CEF 

Materials  cost/sq  ft 
Equipment 
Equipment  Rate 
Equipment/sq  ft 
Maintenance  cost/sq  ft 
Square  Feet 

TOTAL  Maintenance  Cost  for 


Retention  Value 
Initial  Cost 
Remaining  Life 
Total/sq  ft 
Square  Feet 
Retention  Value 


Calciilution  Sheet  -  Example  6 


Calculation 

Subfactor 

Factor 

Total 

Column 

Cost/so  ft 

Cost/so  ft 

Cost 

S.998/sq  ft 

X  10.000  so  ft 

$9,980 

,00488  hr/sq  ft 

X  S13.50/hr 

S.06575/sq  ft 

S.03171/sq  ft 

X  .96 

X  1.02 

.031021 

.00244  Im/sq  ft 

X  S3.00/lir 

$.00732/sq  ft 
$.l0412/sq.ft 
xlO.OOO  so  ft 

$10,412.00 

.02414  hr/sq  ft 

X  S13..‘i0/l)r 

S.32589/sq  ft 

S.069960/sq  ft 

X  .96 

■ 

X  1.02 

S.68505/sq  ft 

.01207  hr/sq  ft 
S3.00/lir 

S.03621/.SO  ft 

$1.04715/sq  ft 

X  10,000  sq  ft 

Cost  Task 

$10,471.50 

$.988/sq  ft 

X  JJ. 

S.10978/sq  ft 
X  10,000  sq  ft 

$1,097.80 
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Resource  Rates:  The  labor  and  equipment  resources  in  Appendix  B  are  expressed  in  hours  per  unit 
measure.  To  obtain  accurate  cost  figures,  the  designer  called  the  Fort  Eustis  DEH-MES  branch.  The  July 
1989  rates  of  $13.50/hr  for  a  roofer  and  $3.00/hr  for  a  roofing  maintenance  truck  were  obtained. 

Component  Information. 

Size.  The  designer  is  considering  a  built-up  roof  covering  with  an  area  of  10,000  sq  ft. 

Initial  Costs.  The  designer  obtained  a  CAGES  Unit  Price  Manual  from  the  cost  estimator.  For  the 
built-up  roofing  component  a  cost  figure  of  $0.998/sq  ft  was  obtained.  (Note:  if  the  component  is  not 
found  in  tlie  CAGES  Unit  Price  Manual,  other  books  such  as  Means  and  Dodge  can  be  used.) 

Retention  Value.  The  average  life  of  a  built-up  roof  is  28  years  as  shown  for  the  replacement  task 
in  Appendix  B.  At  the  end  of  the  25-year  analysis  period,  the  roof  covering  would  still  have  3  years  of 
life  remaining  or  3/28  =  11  percent  of  its  useM  life.  The  retention  value  can  be  considered  to  be  11 
percent  of  the  initial  cost  of  $0.998/sq  ft  or  $0.10978/sq  ft. 

Present  Worth  Calculations.  The  following  factors  are  considered  in  performing  the  present  worth 
calculation:  initial  cost,  maintenance  costs,  and  salvage  value.  Each  factor  is  discussed  below. 

Initial  Costs.  The  initial  cost  of  $0.998/sq  ft  is  assumed  to  occur  on  the  BOD/DOS  in  accordance 
with  established  criteria  for  energy  conservation  studies. 

25’Year  Maintenance  Cost.  The  total  25-year  maintenance  cost  is  composed  of  three  parts:  labor, 
material,  and  equipment.  Labor  costs  per  square  foot  are  equal  to  the  labor  hours  per  square  foot  obtained 
from  Appendix  A  multiplied  by  the  installation  labor  hourly  rate.  This  would  be  0.06653  hr/sq  ft 
multiplied  by  a  labor  rate  of  $  13.50/hr  which  is  equal  to  $0.898 16/sq  ft. 

Labor  =  0.06653  hours/sq  ft  x  $13.50/hour  =  $0.89816/sq  ft  [Eq  24] 

Material  costs  per  square  foot  arc  equal  to  the  material  dollars  in  Washington,  DC,  base  per  square 
foot  obtained  from  Appendix  A  multiplied  by  the  geographic  LAF  from  Appendix  D  and  then  multiplied 
by  the  inflation  factor.  This  would  be  $0.64214  DC-based  dollars  per  square  foot  multiplied  by  a 

geographic  LAF  of  0.96  and  a  CEF  of  1.02,  which  is  equal  to  $0.62878/sq  ft. 

Material  =  $0.64214/sq  ft  x  0.96  x  1.02  =  $0.62878/sq  ft  [Eq  25] 

Equipment  costs  per  square  foot  are  equal  to  the  equipment  hours  per  square  foot  obtained  from 
Appendix  A  multiplied  by  the  installation  equipment  hourly  rate.  This  would  be  0.03327  hr/sq  ft 

multiplied  by  an  equipment  rate  of  $3.00/hr,  which  is  equal  to  $0.0998 1/sq  ft. 

Equipment  =  0.03327  hr/sq  ft  x  $3.00/hr  =  $0.0998 1/sq  ft  [Eq  26] 

The  total  maintenance  cost  per  square  foot  would  be  the  labor  cost  ($0.898 16/sq  ft)  plus  the  material 
cost  ($0.62878/sq  ft)  plus  the  equipment  cost  ($0.09981/sq  ft),  or  $1.62675/sq  ft. 

Total  =  $0.898 16/sq  ft  +  $0.62878/sq  ft  +  $0.0998 1/sq  ft  =  $1.62675/sq  ft  [Eq  27] 
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This  total  has  already  been  discounted  to  the  date  of  study  since  all  figures  on  the  left  side  of  the 
table  in  the  Appendix  arc  expressed  in  terms  of  the-DOS. 

Retention  Value.  The  DOS  present  worth  for  the  retention  value  would  be  the  expected  retention 
value  of  $0.10978/sq  ft  multiplied  by  the  end  of  year  present  worth  factor  for  the  EOD  of  0.1842  obtained 
from  Table  9  which  produces  a  cost  of  $0.02022/sq  ft. 

Total  Life  Cycle  Cost  for  Construction  and  Maintenance  and  Repair.  The  total  LCC  per  square  foot 
for  the  DOS  is  the  sum  of  the  present  worth  costs  for  the  initial  cost  of  $0.998/sq  ft  plus  tlie  25-year 
maintenance  cost  of  $1.62675/sq  ft  minus  the  salvage  value  of  $0.02022/sq  ft. 

Total  LCC  =  $0.998/sq  ft  +  $1.62675/sq  ft  -  $0.02022/sq  ft  =  $2.60451/sq  ft  [Eq  28] 

The  total  dollar  cost  would  be  the  LCC  per  square  fool  of  $2.60451  multiplied  by  the  roof  area  of 
10,000  sq  ft  producing  a  total  cost  of  $26,045.10. 

Calculation  Sheet.  A  typical  calculation  sheet  is  shown  in  Table  15. 

Table  15 

Calculation  Sheet  -  Example  7 


Calculation 

Subfactor 

Column 

Cost/so  ft 

Initial  Cost 

Initial  Cost 

25  Year  Maintenance  Cost 

PW  -  Labor 

.06653  hr/sq  ft 

Labor.  Rate 

X  $13.50/lir 

Labor  cost/sq  ft 

$.89816/sq  ft 

PW  -  Material 

$.64214/sq  ft 

LAF 

X  .96 

CEF 

X  1.02 

Material  cost/sq  ft 

$.62878/sq  ft 

PW  -  Equipment 

.03327  hr/sq  ft 

Equipment  Rate 

X  $3.00/lir 

Equipment  cost/sq  ft 

$.09981 /so  ft 

Maintenance  cost/sq  ft 

Retention  Value 

Initial  Cost 

$.998/sq  ft 

Remaining  Life 

X  .11 

PWF  for  EOS 

X  .1842 

Retention  value/sq  ft 

-  $.02022/sa  ft 

Life  Cycle  Cost/sq  ft 

Area 

X  10.000  so  ft 

TOTAL  Life  Cycle  Cost 

Factor  Total 

Cosl/sci  ft  Cost 

S.998/sq  ft 


S1.62675/sq  ft 


$2.6045 1/sq  ft 


$26,045.10 
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LIST  OF  ACRONYMS 


ACE 

Assistant  Chief  of  Engineers 

AMS 

Army  Management  System 

APC 

Account  Processing  Code 

AR 

Army  Regulation 

ARR 

Annual  Requirements  Report 

ASTM 

American  Society  for  Testing  and  Materials 

BLAST 

Building  Loads  Analysis  and  System  Thermodynamics 

BMAR 

Backlog  of  Maintenance  and  Repair 

BOD 

Beneficial  Occupancy  Date 

CA 

Commercial  Activities 

CAGES 

Computer-Assisted  Cost  Estimating  System 

CONUS 

Continental  United  States 

DA 

Department  of  the  Army 

DEH 

Directorate  of  Engineering  and  Housing 

DOD 

Department  of  Defense 

DOS 

Date  of  Study 

EA 

Economic  Analysis 

EC 

Engineering  Construction 

EIRS 

Engineering  Improvement  Recommendation  System 

EOS 

End  of  Study 

EPS 

Engineered  Performance  Standards 

HQ-IFS 

Headquarters  -  Integrated  Facilities 

HQDA 

Headquarters  Department  of  the  Anny 

HVAC 

Heating,  Ventilation,  and  Air-Conditioning 

IPS 

Integrated  Facilities  System 
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IJO 

Individual  Job  Order 

LCC 

Life-Cycle  Cost 

LCCID 

Life-Cycle  Cost  in  Design 

M&R 

Maintenance  and  Repair 

MACOM 

Major  Command 

MCA 

Military  Construction,  Army 

MRPM 

Maintenance  Resource  Prediction  Model 

OCE 

Office  of  the  Chief  of  Engineers 

PAVER 

Pavement  Maintenance  Management  System 

PAX 

Programming,  Administration,  and  Execution  System 

PC 

Personal  Computer 

PM 

Preventive  Maintenance 

R&D 

Research  and  Development 

RAM 

Random  Access  Memory 

RMF 

Recurring  Maintenance  Factor 

RPI 

Real  Property  Inventory 

RPLANS 

Real  Property  Planning  System 

RPMS 

Real  Property  Management  System 

SO 

Service  Order 

STANFINS 

Standard  Anny  Financial  System 

TB 

Technical  Bulletin 

URR 

Unconstrained  Requirements  Report 

USACE 

U.S.  Army  Corps  of  Engineers 

USACERL 

U.S.  Army  Construction  Engineering  Research  Laboratory 

USAEHSC 

U.S.  Army  Engineering  and  Housing  Support  Center 
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APPENDIX  A: 

LIFE«CYCLE  COST  ANALYSIS  TABLE  (7  PERCENT) 


/ 


49 


V)  I  •*<'  <  i- 
t  X  I 

t/itA  I  I 

3S:?:a 

a.  I  «  • 

t  * 
OCX  t  ^ 

•«ui  i  C 

<a:  •  S 


oa  * 
XUI  I  CL 
<OC  *  41 


X  a. 

•xui  *  9 

S“:  £■ 

H*  «  at 

Pis 

33:  .< 


OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOv-OOJOrgOOOOOOOOOOO 


'2P:P:P'OQ'OC''OQOqoc>oc'OOqqoqoqoo 
(iKKN.tA'dmx  lA^P^O'2ip^iOOO^fM^rU^OJ(M 
nroK)MMin«Of'i«}ioKmh-KiKKirNjrgrM^^<.f 

5SaSiSc^oo!o(^§r^SKSNoSSS$oSoSo? 


«.^«-iM(Mrgi^orooKiosrststtno(ooiAO«0'0'0'>oo'00'Oo«>«onO'Oa>oo>or<»oh>oNocOiOcoo^o(>>oo«o<^ 
v*^«*0«»0«~00i0«<^0«00»0^0000000000sf  0«<r0st  O^v*T*OOOOOOf0 


0^mONQOmOO«OiAOKttQ^OlAKKttnNNlAOkOtANK)inNN(00>iniA(Qh»pO»OmN'OlAv-Nf^O«C 


r>v*v-?-«*«*«-o^o«~o«~v~^«~o«~ov*oooooooooooooooooooroo«fo<^ooooooooooo 


8888SgS" 

K>K>  **1*010  >OIA 

S^O'^CQtOv-CO 
OJI0^^9<^ 
tO^lAQQOd 

SoooSSo 

ooooooo 


8®8®8888®8"g*®888S*®8®8®SSS8®8*S‘®§®S®8®8888*8®8®8 

U1  to  *0*040*0  to  to  IOW1MMO  lO  lO  1010*0*0  IQ  tO  *0  U1  tO  tOWltOW  10*0*0 

*o  *o  <Oio«*ro  *o  OntNui  n  o-  o>rNio  oi  p>  rg  *o  OstK'O  o  lo 

8  2  SSS8  8  2  5835  S  S  5835  8  S  fe  t2  2  sg^S  8  C?  S 

8  8  8888  8  8  8888  8  8  8888  8  8  3  S  8  '8888  8  8  8 


*o  *o  <0lO«*rO  *0  OnTNUI  N  <X  0>rNlO  oi 

8  2  gSS3  8  2  5835  S  S  5835  8  S 

8  8  8388  8  8  8888  8  8  8388  8  8 

o  o  oooo  o  o  oooo  o  o  oooo  o  o 


8888888 

C>OOOOOC1 


o  o  oooo  o  o  o 


«-  *-  K*«.N.C*<  O'  O' 


^  rw*ws.o»  CK  >  *o  *o  *o  f^*«.rs.Kt  ro  m  ^ 

oooo  Q  o  Oitgr^N  N  N  *0*040*0  *0*0  0 

*0*010*0  m  *o  OQOO  p  o  p  .o  p  oopp  P  9  ^ 

9PPS  9  Q  oppo  o  p  p  o  o  oooo  o  o  o 

oooo  o  o  oooo  o  o  o  o  o  oooo  o  o  o 


o  o  oooo  o  o  oooo  o  o  oooo  o  o 


o  o  o  oooo  o  o  o 

o  o  d  dood  d  o  o 


S'O'>^«0ir*«*<Q  **i  **i  coiA^M  **i  OotNui  N  osrN*A  rg  O'  O'  N  *A  o^N'O  o  *n 

rgui^'Op^  P  al  p  irorfir  's  s  P  p  k  **i  >0  ^w^rg  ^  **1  r- 

*A^*nOOPO  O  ^  OQOO  O  OQPp  P  o  oooo  o  o  o  ^  oooo  o  «*  o 

Sr-v-pOOO  p  O  pppp  o  o  ooop  p  p  oooo  o  o  p  o  o  ooop  000 

000000  o  o  oooo  o  o  oooo  o  0  oooo  00000  oooo  000 


oooo  00000  000c 


ooooooo  o  o  oooo  o  o  oooo  o  o  oooo  o 


000  oooo  000 


I  s  « 

i  **  I 

*  9  O 

-N  *  C  *•  I 

o*; 


0pp«-0**1p  o  9  *"9f*1^  O  O'  p*ANp  Ul  *A  *AO*Ap  V  p  ^  r-  r-  *<10'#«*  ^  ^ 

^lOO'^v^fgO'  *A  O'  *A  O'  Ov*«^0'  9  Or»v*l0  of  ^  O  g)  ***  Or-r^O*  lA  O  O 

(g**1*>fOOOO  T*  OOOO  r>  OOOO  r-  r*  OOOO  v  (V  OOOO  **  fg  o 


^*s.<g*/\0'0'*A  'O  Oi  *AO"#fA  O'  AJ  P^*Afg 

NA|r>of  lA*A<g  A4  O  ^  9  nO'IAM 

issliis  I  i  mi  %  s  §i£i 


s  fcSKK  sites  tssa  s  5:  ics 
§  8888  88883  8888  838! 


OOOOOOO  O  O  OOOO  O  O  OOOO  O  O  OOOO  O  O  O  o  O  OOOO  O  O  o 

I0c0«090'0p  P  P  M*A**1KJ  Q  *0  «  Ip  t-*-^**  h;  K  K  ST^iStP  ^  P  K 


SSSSSSS  8  8  SQSa  a  a  JSJRSR  R  R  K  K  fe  fe  fe 

R  R  RRp  g  g  RRaS  S  S  SSSS  S  S  g  g  g 

'O^'OOOOO  O  O  OOOO  O  O  OOOv  «*  r*  OOOO  O  O  O  O  O 

ddddpdd  d  o  dddo  d  d  odoo  o  o  oood  d  o  o  d  d 


I  ■  ■  I  . . — l■.llll  -O 

N,  K  K  St''l:StQ  9 

^  ^  ^  oooo  »  W  2*0 

o  o  o  888S  S  S  o  ® 

d  d  d  dddd  d  d  d  8 


'f  KNlAO'O'fO  -o  AJ  lAO'M 
KAJ*-v»lA*AfVI  Ai  o  ^^5 
O 

St<1COOOp*A  ^  p  pOS 
▼-VOOOO  o  o  ooc 


g 

fcA.& 


RAI  0^*OAi  M  O'  KtA*OlA  (V>  ^  N  >  9  N-WirAJA  Al  r-  lA  K 

o  rg&'iA*A  'O  o  v-0'*A*o  p  o  h»  K  ^  v-O'IA'A  p  <y  Kui 

f»-  »-*AlA*A  gj  N  r-M*A*A  *3  K  O  sT  lA  P  ^ 

9  PPP^  ^  ^  pOp»A  lA  K.  ^  p  p  pop^  ^  p  o  (> 

o  oooo  o  o  oooo  o  o  o  o  o  oooo  o  o  oo 


ov-voooo  o  o  oooo  o  o  OOOo  o  o  OoOo  o 
oooddod  o  d  ddoo  o  o  oooo  o  d  oodd  o 


o  o  oooo  o  o  o  ^ 


s  s 

Al  *A 

* 

t  ( 


i  5  i 
^ 

H  X  X 


•  J.  8  8  8 


V? 

§  §  §  B 


• 

Ui 

Ul 

Ui 

pm 

X 

*• 

X 

X 

•• 

M 

M 

pm 

u> 

s 

0 

at 

«> 

Is 

WALL 

UJ 

mJ 

UJ 

mJ 

P 

Ul 

u 

*- 

Ul 

u 

w 

UJ 

Ul 

w 

y 

1 

u 

mJ 

1 

mi 

mJ 

* 

mi 

mi 

9m 

* 

Al 

»*1 

cn 

Sl 

XXW  VICOX  <<<  aCBCD 

uuu  V-  (g  ^  tn  o^ 

^  ^  Ul  uuu  UJUJUlOOO 

•  AS  •€£  w  I  c  I.  uw  tU  •!.«•*--«  »•  tSuX  tii 

i*«UcaL.CS  .  .  lkU*«kU<-«*^wUr*-**i^^*4.*«  Q  L.  QU.UI*i>*UU>UJ  ux-«oe  ux 


CB  CD 

uj  lu  8  S  S 

UJU.UJ  uoe^ac  uot 


U  O  O  QvUAIUMX  ***3AJ0»A0-^U.«««-UAJU»AUU.^ 

O  •  Q.h-O.^0.^  WUI  CUi^UJ 

w  o  viu  Cu  Cuu.u.*fea  o.Oauuiuiuis.vi'^vi'vMM  epcLOa.oa.o  0  o  C 

_<g  _*A  _ _ '^Z's.  a  a-0pC's._N.»  >.*  uiuuuj'ouj 


8  S  8  I 

s  s  s 

Ul  UJ  Ul  L.  C 

pm  pm  Pm  Q  O 

SfeS. 


Ow  o  0  O  i-'>X'^X*s.X  Ul  X  0>->>>»US«JSUX  X  X  X ^U 'AU O*^  0«^ U U. U^ U  0 X 

S“;si  i!'£4<8<»<888b58<8S333C<P5t<b|5d|j<g5S:tS:S5;ge;gE'*-S‘*-5,2“-S.i:  ^ 

u.«^wawQ.-Q.355-C-a.~«otSo^«.  o.^Q.8888a.8o.8«.58j8j8^-a 

0  q  Cxxxvae  wxxxnxxSxxxSx^uu'CxkxcEGaxxoxxxcDXwsswx  wx  0O«.Cxux*-x< 


***^C*0  otetotet  at  oc*^  u  ^  3  S  S  w  CX3  0  o  u 

X  0  O  Cxxxvx  WXXX«XxSxxxS<^UU'CXkx<XGaX«OXXXCDXwXwX  WX  0O«.CxUX*-X< 
U  U'*>UUUUMUVIUV>  V»  V9  V>  (A  M  (A  M  M  U  U****** VI  C<A X <A>» 

^U»'*»4»X***i'**i'**'*^*«*i^*M»«UJUIUIUJ^UI*«UI  •kvOk  U»«  U  •*«U*'«UIUJ  UIUI*'*  Ul  •'•UlMiiJ  m  lijMUl 

3  U*(AH'«XttXXetX«X»«»-^^*X**X^x955  X  X  X*->-^»*X^X»-X^X»^X»-X*U  x  x  xo 

UIXX  flBX53MC0MX«i«UIUIUiUI*«UJMUI«'«^^*»  imUJVUUJU|»'«UI*«UI»4UJmU|Su|m  0»«0mO*^U 

SiK~^R»>;>-'->-!:i>-^>-^3Sss£s:b8S:§8g8:::8t838ssss8::;8%sitsK:s&$Sx9::3u::^s::!S 

gi|iiia3S3“3“3“88S8“S“§“isiri“i“8S8r8“s®i“r8®iiii-i“i-s 

XX 

UUI 

Si 


5 


52 


53 


See  NOTES  on  the  last  page  of  this  table  for  Explanation  of  Column  Headings 


.  t>. 

■  <30  0^0>0>-40* 

I  K>  rvJAJAjAIAI 

>  fM  (\JAJAJO<\i 


<- K»  ••  fO  N.  r- N.  KJ  0» 

ro  lA  (O  o-i  iA  AJ  to  04  KA  fV<0  ru 
S-«-KS>«>N>K>Kvh«000 
'0<M'0*^O4»-'O^OJ»“I^N.«^ 


roe0O4O*sftA5*-*4^iAfO00OJ»- 


.  rO 


>  o  ooooo 

§00000 

>  o 

I  ro  oj<>fof^o 


AJ  to  OJ  01  ro  04  04  01  ro  04 'O  *0  «<> 


O  sf  o  o  o  o  o  o  ^  ^  ^ 

OOiniAininoOQO*-*-*- 
iAtOstKioNoimdocoeocO 
CO  K  04  (O  to  O  CO  O  ro 04 04 

nO  lA  to  r- 00  O  CMA  CO  O  N.  O 
o*'^totoo»N.totototo04<o%r 
r- >!■ »- r»  n/ 04  04  tA  lA  •4- to 


Oh»Os«-AJ^t*^04'0'Or^OO>'03'AO>0*00000400*>4'00«C>> 
Oi— 040'y^Or0Q»N»O»-04040»*-O*~AiO'004«0t0eQO«-04 
to  04 «- 40  0«  0« 'O  ^  to  04  O  sf  ro  to  04  ^  K.  to  O  to  04  r- 

tOv4'tAtoiAh»toiAO«^to>riArO'«t4Aro«4tAroiAN.ro*oa3ro->4’iA 


OOO^^^^Qs^OOOAJ0404OOO0>N.N>->4'sY.^OOO 

OOO^^^^^^OOO0>0vCNOOO0«O>O«OC0C0OOO 

QQQ&&^0^&0«OOOtAlAlAQQQ0>6«5«v*'«>'«->OOO 

'0'0'OOOOr-r-»“OOOKKF»-0-0'AtOtOfO»A4AtA040JOJ 

N>0>N><0C0C0iAiAiA00C0C0'0'0'0OOOKh«KN4->4'>4>0'0'0 


vf  A40*4A 
rooOAJ&> 
'ONO'*- 
0*-OJO» 
f0  04*-iA 


000^ 

OOOQ« 

00O& 

«0>0'00l 

9>C>«OiA 


(uoaj<>xi^^«D^TaNrv*«~H> 

£  <  U  *  00  rOtOtOOirO  cAtO  lAdiAtAOOmiAlACblAtAtAQ^ 

C  *  Q  •  v#  tAiAiniAtA  too  «4<n«4  ^«g >4 00'4'^ *"0 

U  I  ^  «  O  040401004  0404  aOtOCOtOlOtO<OtOtOm*4«4 

. . 

w  t  ^  •  <0  OJ040J040J  0404  ^4A«4«4  As4<4*4lA'4«~«~«~ 

&:  : 

QC  «  ■■  I  .1.  . . I,-  ,  -.I  —..I  ......  I.., i.^.i...... 

•  U  I  O  OlAiAiAlA  00  iAlA«>t«4^'^'0'0'0’0c0OO4 

•  >.  »  '^4001040  0104  to  to  04  0.4  04  04^  *4  0-10 


«  »  « 
i 


^  •  O  'OAvf  (\J  040> 

C  •  O  tOSoj  r-  040 

$  I  O*  rs4«4N  to 

£  *  04  <>4040  to 

Cl  •  to  r-r-04  r»  04*- 

!  d  odd  d  dd 


•  4A  toatO  O'  ‘4'4 

I  K  «4’OOJ  K  0-0- 

I  r-  0-O3«A  •-  A404 

I  O'  O'OO  O'  0404 

I  CO  04x440  4A  lAiA 

I  O-  40040-  04  COCO 


x4  vj  O' 

Xf  CQ  -4 

O-  04  04 

e  s  K 


lAtOflO  fJ  CO  01  'OlAtO 

-403rO  O-  to  K  fOIOtO 

odd  d  d  d  odo 


O'  o-oto 
X4  tAxtoJ 
04  OfTkO' 

01  'OlAtO 
fx»  fOIOtO 


x4N^4A»-x40'4AC0x4O4O*(0O4O4'40JO'tO(0O4fOO'O4x4O4»  xtOJO'iA 
tO<O^O"4lAO.x4lAt0CO^^x40QtOf0O4tOO»Q'K»-rorOe0^  tOCO^O' 

SK0'«-04^r-04'04K^0-'2a)^0-^MC0N0'O'4'00-0'  'OO-O'** 

»-^o*iAptop'-3o*-?ijo4rx.*-o*-f^OOAi5)fo«ox-?^  ov?gO' 

IOOJ»-lAO'0-'OC'r'.rOOJr-Ox4tOt004^«0'KO'fOOtOO-r-  •OAI^IA 

tOx4  4AlOiAO-tOlAOx»»",x4lAtOx4  4AtOx4int04AO-tO'OeOtOx4  4A  tOx4u«ktO 


•“0JC00.to0x'0*0O»-«’'t0lAlAO'Or-t0*-'0^0J0-04OO04  *-04x4  0- 

0J'0*-C00j0J-4  04t0O0'0'C04AC0*-<AO’00'prx.O*-^OO  04'0*-c0 

'sr0'O|0*-<0C0OiA4^0l«-*t0'0x4'4^C0'0r0&tA**<0CMAx4  •sfO'COtO 
04tO0.0»x4<Se0x4O'*’tOx4iAOO'x4tA'0O"0^-4«-^OJ^4A  04f0^0- 

O  OOJOtO  x4  0t0x4  0  000  OiNOOOOtOlAr*  <4^100  00  OOOO 

dddddoddoddodddoddoododoood  oodo 


OO^AI  xf  to  04  0-0410 

rOtOO'  O  P  ^  lAxfO 

On-'O  lA  O'  O-  **'O0x 

SlAtA  x4  to  'O  tOxJtA 

OfO  *-  h»  to  x4'00 


iAiAlAlAlA»Afcr“*-S^J§Kx4»4'4tOtOtO-^*4-4c0c0e5^^^  OPPOi 
O  QQOOOtOlA4A'4-4x4  x4  <4  •JrOtOtO'O'O'O  COCOoOO'O' O'  NN0x*4 
C0o5«r0t0f0«-000'0'0‘t0rtl0t0t0t0040404000'4x4vf  O-O-O-'* 

04  04  04  04  04  04  *4  x4 '4  to  to  to  x4x4x4v4x4  St  to  to  to  *-r-»-04 

ddodddddoododddod 0000 oodo 00  oooo 


oruoioj  'O^'oco 
OlAAtA  OOOOi 
30'0'0' 


I  -A  'PiAx4  04  OJO'  *-COx> 

I  *0  roN04  v*  04'0  lAiA'O 

•  O.  04x4K  to  0-*- 


ci  04 

to  o-  to 


a  O'  O-OtO 
-4  tAxfOi 
04  04  'OlOO* 

00  04  'AtAfO 

to  K  fOlOlO 


I  o  000  o  00  000  000  000 


•— A4«or»tors'0'oc»«— *-i04Amo*o^ro^^*— pjrsr'jowr'j  ^«>»xxn- 
04'0*~Cp0l04x40Jr0O0'0'CpiAe0«-^C0'0(>p0-O«-«-OO  04-0*-00 

x40'Of0»*'0C0OlAf'-^»-t0^'4x40'O'Ot0frt0*-'0^»Ax4  x/O'CCfO 
AJtOt^^'4<S<0<4  0'v-tOxtflAOO''44A*OQ"0«--4*~'«N'44A  OJtOxtN 
OO(MOt0>4Ot0xi‘OOOO0J04OO(SOt0lA«-s4iAOOO  OOOO 

ddddddddddddddddddddddddddd  oodo 


-jS  3tj^  S  SS  «:85  sag  RSS  SS3SfcK3r;j«SR3SoRaa3SKfea::S25&  fiSRS 

5  I  o)  N04t0  d  "od  totod  d  K  O  <yx4lA  COtO'OtO^O"0'OCO'0«-tOO'04^'OOOJr-^eOx4«OQ04'OCO  C0  044AOI 

O  •  CO  rs'O^  ^  too*  4AO*x4  a-  CO  •—  <>'0-x4  *-AxOJO*tOOJO'^  •-*-•“'0  W»"040IK>Ox4  X4  r-O*— *-»-04 

t-  I  r-  04  04*-  CMtOtO  x4  to  *0  *-*“04  •-  *-*-  •-*- 


I  O.  «-t0'O  CO  •4'0  •o*-io  CO  04  O'  cytoco 

>  -4  POO  to  44  004*-  N  O  K  fiOtOOi 

I  4  0'roO4  *-  *ico  0x4*-  Ci  *-«fO 

I  *•  cAlAiA  lA  ^*-  *-*-<0  4  K)  r*  fs.*-^ 

I  03  *0x4x4  <A  OCO  tONcA  -O  *0  K  OJ*-0' 

I  to  ♦•*■04  •■  x40i  lAO"!  CO  x4  CO  xtx4K» 


0*-«-x4*-04COx4x40iA*-04t'-h-0'004*-0'0'*-0'0>Ox4C 
«-tx>iA4lAt0404O04iA'<>iAOlA(QkAC0C0'4^C0^fSlpx4U 
OJ*-Cpp'OtOO*AN‘0^04^^-4^*^*^‘4'•••O^V>^'•0*4C 
CO 'O  ?  4  4*- CO  to  ^  h*  O' CO  »  04  O  (O  *■  O  p*  04  x4  ^  A- O  O*  to  04  A 
04^*-wO'KOO't*-«’-tA?'Os4x4lA^Nr»OIO*0^tAtOlA'4 


04r-r-C>  4> 
CO'O'OxQX 
04'41AC0  ^ 


<  * 

t-  <  00. 

<  t  U4 
O  i  XCK 


OC  «  XU  I  41  4  M 
—  «  lU  X  «  QC  <  <9 
<<  <  i/)  <  «  b 

a  (  lux  t  >*« 

lU  *  OC  lU  I  CO  * 

C3C  I  a  t-  4 


*0  ?C>t5»A  x4 

OJ  O'CQxt  ts. 

K  'OO'«0  to 

*0  04^0*  O 

^  -40*-  04 

*-  COCOcA  O 

O'  10040  to 


OJN  x4t004  tA  N  04  x4*-0' 

04N  ^Ol'O  .4  K  CO 

ss:  fcSR  5  3  K  sas 

x4A4  0«00  to  O  to  fUx4'** 

dd  dtooo  «-  d  to  ph-oj 

*440  fNI'OtO  fx.  fx,  o  0*KiA 

*-*-04  01  01  x4  *- 


OOlOOtOlA*-tOlAOOOOOiroOOOr*x4'0*-x4'0  0  00 


to  to  to  lA  lAlA  O' CO  CO  P  p  p  O  O  O  CO  CO  CO -O  *0  *0  O' O' O' x4  x4  x4 
WMA  lA  •- •- *- to  &  to  to  to  x*  x4  xi '5 'B  p  *0  *0 'O  ^ 

04  04  04  04  OJ  04  04  04  04  04  04  04  lA  tA  tA  to  to  to  x4  x4  s4  s4  x4  x4  x4  x4  x4 


iN  *»tO'0  <0  >4^  '0*-t0  CO  OJ  O'  OJtOCO 

I  -4  pcno  to  xfco  O'Oi*-  0-0  0-  cotooi 

1.  •  ob  ChtOOt  *-  *-C0  <>''4r-  04  *-  04  ^COtO 

Q  ♦  *-  iAlAlA  lA  -J*-  »-*-«0  03  to  N 

jQ  •  CO  *0x4x4  lA  OCO  tOO-lA  *0  *0  K  04*-0* 

«  •f  *•«  •  «  •  ••• 

w  I  to  *-*-04  *-  xjCNJ  lAO'sf  CO  x4  CO  x4x4tO 


O 

x4x4x4<OU 

SSS5® 

04  040404  8 


■  a 

0*-vt^  K 

*-0-O»U4 

Cod^S  u 

04^4U^W  O 


OOr0Ot04A*-l0lAOOOOC'Jt0OOO*-x4'0*-x4'0OOO 


»  <  »-U4 

5®!§25; 


3  ♦ 

O  C 

gut  u 

uj  rxi  »■ 

SB  8  : 

lit-  X  c 

->.  •  <  S 

Suit- (AS.. 

X^X  li 

QUiO  — 

40  0<  C 

Spxo-i  s 

-So  a  (A- 
IC  xxw  ocv 
U(U*-qc  Q  I 

-U  0£  Ot 
t-3U03 
U-JX(A  X—  * 

3aC  O  Ui  S  <  • 

i  Sa:<CL^c 
U  O 


>  u  U-*  1.  u  U  u I 


-QCOQcCQ 

^8288 

(PVlPO 


3  X  ^oc  *4 
3  <  < 

>  UJ  Ul 

IJ  uui  UUJ 

cuucau 

2x<3< 

u  (A  0.00. 

ui  ui 

•  <x  •oe 


SoxoqOC 
xQxooc 

ouioiu^oc 
u  -lox  a 
cx.oo.<ox  — - 
oxop—xfi 

I  -•  t  0x0.0 

«4<AUOO.(A  V 

^  -4  (A»** 


XUPU  XU 

a  xO-ts 


wU.-**-04tO 

u.  kk  ^OJtO 

TQ 

W  c*poo 

lA  O  Ct-t-t-QOO' 
i.  u>*-xxxt-t-t- 
>—  Bjcaaxxxx 
u.(At-ws^s^aax 

X  X  CjC  WS^S^ 
•  •  »UiUiUJXXX 

ixxxaaxuiujuj 

55'S'S'°9°&SS 

iOOOuiUiUli  I  I 

e  xxacujuitu 

:SSSS2s5S| 

ifetfeXXXCC 

JXXX  U.U.U. 

aXZXUlUiUlQQQ 

cSSSuiUiUlQpO 


«-04t0U>  U.IUXU. 
k  *0  *-04t0 

XXX**  k'O**^*^ 

xXXXMOU  XXX 

kU.U.w(-  U»-XXXUJUIUii 
p«>S^^>p-  4>£UJUIUiXX^ 

cu4ujuj(^(At-oaaOOO 

•  DOO*  •  • 

/ODOXXX  ■  •  I  t-k^s^s 

CUUUUiU4UiiUU4UI-4-t*4 
4  O  AO.*4U«4PCDCO 

rOQOOOOcaarapoo 
tOwo*  •  laaijsitw'../ 
ODOxuxOwQ^^ui 

ijSSayysoaiii 

iuuuooan!S$Su.(ku. 

.MMk-  XXX 

V->-t-t/>lAlA  — M  —  U-iU 
>(A(AiA(A(A(AZXZUlUiUJ 

)*c<<<«<<9SSuiUi(u 

>.U-J«J.J-U.4-JU«4t-t-»- 

lXXXUOU«C<<V>V)(A 


u-  u.r* 

^ojtoxxx 

<  uiuiUJ  *<*  C7P  0 

4xxxxaa  moux.. 

LUiUiUiOOO  u(j***ikvk 

I  &&8iz3i;x  uTwiSAS 

s  I  •  «  XXXV>  00 

J  ^«>s«>stu  u.  3  o  O  O  t- X 
0  U^.i4’st-»«^OU4U4UJX  ^ 
aCDXCnOQQPXXXX  P 
.4COOOQQQX*-***-sy»» 
uws^SitQQQ  — u-u.u>ui(A 
ruiuiui3333  *  *  *  X 

U55— .,5553 

uXXXUUUU*-  — —  u. 

u.iku.*«  —  — mxxx 

j  — —  — >4 

UOOOU>(^<^UCZZXUI 
uoOQ<<<i4i553u4 
-OP0-4-4ugL.u^-4»- 
'tS33XXXO<<<V» 


OCX 


aui 

UJU 

oc< 

oo. 

arui 

<oc 


UiO 


^<A 

<o 

nu 


<0 

i 

s. 

i“ 

3. 

iA 

<A 

O 

U 

X 

01 

« 

z 

if 

? 

i 

« 

i 

U 

V 

u 

a 

o 

u 

>. 

1. 

k* 

c 

i 

11 

% 

1 

il 

H 

i* 

c 

m 

g: 

1 

U  t 

3; 

^  • 

~S?:°3S-2;!::S.-i5i!eaa<9S®oat«”9'. 


rs  ^  M  A  ro  rg  o ro  Ml  (M  *- o  o>  N.  o>  in  O  fn  M 
tn  h>  ^  «o  ro m  ro  m  io  *4’ in  in  in  K  rn  *o  CO  tn  in 


^  n»  ^  vt  4  K  O' a  CO  nj  o  o  of  «n  K  o» 

^ig5;^Sn;as$KSRSS«s  s&r 

incQOinflOOin«)or\i«.4tnN>rinnis4in  No^  ^brg'«^cjsrg>^rCo<^<0(s.! 


KoocoooooorvimrgooorgfgiMs 
so.OiO«oooO'0>o«ooo4iMnmc 
KoooininiAC*'*- - ■ 


QkO'O^O^O^oootnminQcpQmininC 
N(Minminooomfnin^^^«~v-^c 
in  in  CM  cv  nj  in  in  in  (M  ni  (\i  tn  rn  in  m  in  m  « 


--  -  - . in  m  in  in  >0 'O'OKK's.  CM  (MnjKitnfn 

«- r*  (M  CM  CM  (M  eg  CM  •-*«- r- «- r- «-«- V- «- in  in  in  in  m  Kl 


,2C2(=x.  ^QpOOeOCOflOcOaoQOQO 

Nf«i«>8««(^sa?ssss3jgss 

- ^  *.  *.  — 

in  in  in 


in  in  in  (M  CM  CM  CO  i 


lAinin 


*^^S9S?jSS^r^21^^^^59SS?  »*»~»"05050jininin'0'0'0ininm 
COCOiO^^^O»Ok^COCOCO«-«-v-$0«0>  ^^•-COCOCOO'0»0‘*-^»-0«0*0‘ 
ininin^r»»-  ininin»“^*"  t-^»- 


Spinin90«~CMCMh»<.4  0«-^39cM^indo^cM 

K  in  o  in  CM  «- o  in  in  CM  V- 9  >  N  in  o  in  CM 


^  U5  ^  fO  ^ 
in  CO 

ss 


in  h- M>  CO  in  «4  in  in  >4  in  m  <>4  in  in  in  in  CO  in  M*  m 


88SSSRSeS§§RRRS8SSggege 


3  in  m  in  in  in  m  in  m  in 


in^*•o«cQfM*~«**inlnp^ino«*in^'Or>v*o«*o«4fM 
CM  CM  r- Os  CM  p  O.  O.  eO  ^  >0  ^  ^  p 'O  O*  P -4  O  in  »•  O 
^4»;«inKMr-inK^-4w«*oin5in<Mh«.o*«4^*4 
in'4*-in«ooooocM^ooooininv-inKooo 


o>^«*CMO^<ns4in^c^cot~h»o«o 
•4  in  M>  O  K)  9  p  cp  m  ^  sO  r- ^  o> 
O*  CM  in  *0  5  K  ^  h»  CM  ^  O*  •” 


m  Ok  Os  p  •- o  p  CM  o>  s 


_-  ,^3.-^  -*o»i*»cMino**”in'Op 

^  m  o  in  o  Os  «4  o  «- K- m  o  m  V- o  in  o 
CM  «4  in  CM  m  in  f- in  in  CM  m  m  ru  r  I  m  CM  in  in 


in  Kl  CM  P  P  p  s4  <0  CO  ««  p  CM  Os  in 
»ps4fMOsO0inN>pOspCMtnK 
P  ^  ^  p  K)  ^  o  in  m  in  P  P  P  o 
^  o  K  p  ^  o  s4  m  m  p  *4  p  o  ^  in 
CM  s>4  in  **"  in  m  CM  •s4  p  CM  Q  ^  in  ^4  P 


OOOOOOOOOOOOOOOOOOOOOOO  OOOOOOOOOOOPOOOOOO  ooooooooooooooo 


pppp^^^^ppp^^^iAintAv 

CMCM^^in^s•NKs^•4«4pppinin;nu 

<>4^00in«^v"v*«>4s<4s4PPP^^r*a 


intA<4s4s4*4«4'>4 

in;n^iniAN>4<»h- 

;f  ^  in  in  in  in  CM  CM  CM  o  o  S  ff  R  fi  S  ri  #i 

CM  CM  CM  CM  CM  CM  CM  CM  *4  <s4  >4  m  in  in  *4  SS4  «4  <>4  *>4  *4  in  in  cn 


CM  tn  CM  P  P  P  CM  CM  CM  CM  CS 
PmpmiAtAOOOPQ 

Osp^cMCMCMinininoo  _  _ _ _ 

tnPinpininoooinininintntnininin 


kO»<4«4«4PPP 


KppPis.KN. 
•>'4^<4000 

_.  .  . .is.i*.,rs.rsjcMiM 
5  Os  Os  Os  P  ^  g  CM  CM  CM 


OOOOOOOOOOOOOOOOOOOOOOO  pmtnininmcMCMCMtnKiinpppminin  ooooooooooooooo 


- .  ir^posc . 

—  ___  "C^tniomppp^ 

^p«*F>^^pnj^iA  r*h>.KioiA3bs^Ov*K»in&ih»-ii>in3  jd's4  0^ioinps4Popin 

aenm^mKooo  cm  *4  m  cm  minr- in  in  cm  in  in  cm  mm  cm  mm  CM*4mr*inmcMs4PcMs4Pm«4p 


K 


Rg 


•iU 

<x 


aco 
uix 
I/)  < 

ujae 

QCUi 


S  m 

.?  ° 

!c  • 


pmmN'nso«4r^».i^i«ammp•-KlP:4mQ(^pp 

rnmcMpp^moosCMm^cMmmoN&Fsssam^CM 


!S&iS;t;8RR£ig:sSR:&p{:$g8:5  8:SSS88&S8&RSS9;2 


CMfMpOCM^pOi^rMmPrMmKKOs**  r-s4CMv->N.OPph«0*mN«-P^ 

oKpiMPOKcsjpOs4pmK»-Osmp  pv~pmOss4PCMS>pmr»o>mp 


CMmmp 

inm«-'s4'pddddcMindddW«4PCMinpc>oo 


^mopmmcMm^-^in^Os 

CM  m  P  CM  s4  in  CM  s4  m  CM  *4  P  rs4  m  CM  «4  m 


j4  P  Os  h.  ^4  p  CM  m  !r  tn  m  •- siK -n 

^&fMpp^^p§8^^SQS  4> 
**Nm0Pin^*40CM^PPPmx 
i/>KN**OPPCMs4m^oms4m  _ 


rsis4PNs4mcMmKmmNminK  | 


PPmmKpppoo 

- 

Os<M- 
«4s4PPi> 


Niii5mminiMfMCMNts.NPPPNKK  fMs4rMmmm&sOsO>CMrMCM^^^ 


mmmKNKo 


. 'p'sd'Pininini^iRi^ 

CM  CM  CM  csj  CM  csj  CM  CSC  m  in  in  m  in  m  ^  in  in  m  ^  «4  «4 


in  ^  m  &*  Os' ip  A  in  m 

cSosOsmmmppp 


CM  CM  CM  CM  CM  CS4  CM  CM  CM  o  O  O  K  N  N 


adoKNN  S 


P<^^SmSCmmSmcMm»ip>4PcM^v-^ 

o;sg3gS:S3353slRSa23SaRS^ 

mm«-*’s4pddddcMinddd<^*^PCMinpddd 


RrMpmmomNmNmppsfpmmo 
mOsOPmmoK>^m&sp&pppmm 
*  ‘*>jm^OsinopininNm»-^mr»o* 


ih  i4  CM  in  m  d  2 1 

CMmpCMs4mrM>4in(Ms4pcM  4mcMs4m 


j4POsKj4pnjmj-CMmm^5»K  k 

fcj>cMS3>REoaS3NSQ3'*^ 

v-Nmopm^^oNc>PPPm  u 

mKN«-oppcMs4m^oms4m  o 


CM  *4  p  CM  *4  m  CM  m  h*  m  m  h- m  m  K 


uuuuuuuououuooouuouuuuu  uuouuuuuuuuuouuuuu 


if 

Oi 

2. 


1  v-fMmih>M>i^  iki^u>  MTiTj^-r 

^»-CMm  _ _ t-CMinviCu 


88990989:^*8  *2  tJ^^QQe’-^'^Sae 

u.  u.  X  X  X  W  u.  u.  V- CM  m  V- CM  m  H  x  ><  p  O  p  W  u.  u. 

«  I  U.U.U.  I  •  I  Cui*.u.XXX>  •  • 

«  I  I  ZXZOOOQPO  I  •  • 

CI#-«^i>>q^OCQCUJUIUIXXX«^^«^  I  I  ICOO«IV)I40UU  O*.-  b  U  Osi» 
►-ooou-i*.u.xxxifc.i*.u.-i-<-j^«*^aoo«  wO'^*^  vx 

I  I  I  ucnca-^^^«^^«^uj«^  vxUi(ni*u>inKu>M>- 


_  _  ti 

U  U  U  1.0  4.1.0  1.  U.U.U.U.U.U.U.U.ikU.^lkU.U.IkX 

u  1.  Q  1.  u  o  i>  t- Q  i*  Q  6  Q  o  o  o  *-CMmT-CMm 

fe 8  fe  83  8  83 8 83 83sl3;s3  g 

8- t:QSS||pggg„„y*«««  5 


CLo.xxxooou.u>ib^^>JOOOoaca 
ww(LQ>C^QQQ  III  oaOGQwwv^OOO 
uiuiWwwOOO^^MOQQi^iiJui^^^ 

|||S^2228S« 

Ik  ifc  s  s 


,  5555353 

2UUUCOOP^***^l^ll.lib 


uiUiOQOininiA^inMXZXiMW^ 

ujuiDsQ<<<<<<S9Suiuiui 

v></>3  33(ka.auoo<<<viv>vi 


_ ggS|£SS3=nxxS 

Ui Ui ui ui ui uj MWI  (/)  3  33  X  XX  V 
inuiuiuiiuww  ppp  m 

£££2^2333333 


SS£>c 


uiiuuic 

<<<E^v»9^<<EM£ns 


\ 


55 


•  KJIAA-fOiAA-KIIAh-OJAl'*- 

•  fA^tAfO&'iArOO'lAOoON* 

•  :J*^*“^AJ»“vf  AJr-AJAJ  AJ 

•  cOorgedOAJcooAjf'.coO' 

•  oO'N>oo>NoO'A*Koro 

O'A-jA 

'‘tKcO 

m  AjAj 

'00»“ 

CO  O' coo 

coo'd  Al 

o-^o*»- 

COO>OA. 

CAfAfOfO 

'g^fAs»  ro 

SJSRS 

CO*-lA»“ 

A-^ 

OlA 

lACO 

fOAj 

•  fO'sr'OiA'^'OiO'g-'0»-rO''T 

ooo 

AIO*-^t- 

•“OOO 

oo 

ac  oc 

UJ  I 

(/)  I  »iu 

UJ  •  £ 

X  • 


§§s  §^§§  §§ss  sss 


'0>0'0'0'0'0«*^«— f*^fOK> 

00>^^o«o«(vjrvjjveocooo 

fO  ro  ro  »o  K>  K>  o  o  o  <M  rg  CM 

(M(ViCMO>OOOOOCOCOCO 

cgjMrg 


roo«4rtKio«uiroo«io<>>org 

^rvjr«vf<Mr«<^*rM«**O"Kr00 

s§p;i§R|i§K!33S 

ro>*'OiOx»^»o«^'0<Mvt'0 


f^<MO  Ms»KN»  f^sr<Mr^  COv-O^ 
^  lA  <M<M  c-  t\i  W“ 


Q^AJinrNj  o>(d«~ 
rgN.cONr  Q(^r^JC^  ajjam 

<MOK>  ^»»»-*-  CMAJr- 

T-OO  ^OfMN  lA0*-0  OO*^ 


WWVl  «.JUWU 

00^0  OOOO 
KJOJ  Al»-Air\l 


53;^SSSC^S;SRiSS  {SRia  53£J3S 


g:i 

u.  I  <01; 


O  •  X«  (  Vi 

•  »•  *  41 

w  •  a‘ca  *  u 

ut  I  O  X  I  ^ 

P •  35  •  3 


<  «  V»<  I  , 
a.  *  uix  I  >. 
UJ  *  Qcuj  i  ta 
m  t  CL*-'  i 
t  X  < 

O  i  •-•I 

i'.  i\ 


oooooooooooo 

'OnO'O'O'C’O'O'O'OOOO 

AJAirviAirvit  AJAlAJflO<0^ 

'>0'0'0'0'0^'0'Q^<QCOco 
OOOOOOOv  o******^ 

oooooooooooo 


I  ^-^^ON^'ON^f ^rsi'O'O 

•  ^QrAtAOKllAOJOAJOO 
U  •  00<2KICO^rAflO<OlOOtAT> 

9  •  lAOlA«AOmtAOu^COvf  o 

-a  • 

01  t*#*****..*. 

i  oooooooooooo 


•  lAr«{OiA«-t«)tAr-fAOK>iA 
—  *  sY^N  sT  *"KCQOm 

0J 

M  I  xTUMAs^iAiAstUMAv-NiO 

O  t  «4fiOAjNtOOAJ«i(D<MiAO'*..t 


«- CO  >A  ♦- eo  »A  »- eo  K»  A«  >0 

N 'A  M  K  sA  m  N  •A  fA  O  n  Ch 
^'OCO^'OcO^'OoOOOfO 
fl0iArsl00iAAJ«6iAAJr«O«0 

*•  lA  U%  *- Kl  lA  »•  Kl  tA  Ai  »A 


^0«^0>0*0'0'^0‘^«~<r* 

a«sss«»«8ggg 

iSSpiKKlSISRpigSl 


KIAIrA  ^^^Al 
OOO  OOOO 
OOO  OOOO 

OOO  OOOO 


U0C30  OOO 

OOOO  OOO 
tA*“tAAJ  AJAJiA 

OOCSiA  lAAJrO 
O'c^f^AJ  tOAIr* 
AI«-AJr*  ^K)sf 
OOOO  OOO 
OOOO  OOO 

OOOO  OOO 


N.A*AI  AJ*>^K>tA  *A«^*-0  0^r> 

OjO*^  '0«^rtA'0  ^•-OAJ  &1AO 
0^0  »-*-»-o  oiA*-*-  ‘Oro*^ 

OOO  OOOO  OOOO  OOO 

OOO  OOOO  OOOO  OOO 


N.p'tA  IAO>K»CO  OOOCMA  JAAJK) 

AJA-r-  <9«-CU^  <Avf«AJ  COAJr« 

rAAJiA  'O'^'OAJ  AJ*»AJ»»  OKt>^ 

OOO  OOOO  OOOO  OOO 

OOO  OOOO  OOOO  OOO 

OOO  OOOO  OOOO  OOO 


«>-OtA  S>AjA»AI  JAOO^CO  O^Or- 

OOCA  OfOOCO  <h&CO>r  >0(A'0 

»-»-0  A4»-AIO  000(3  aJ*“*^ 


•“A.^Ai  OO^CO^fMCO 
<06**-iao3 

^OOfs.  ^rAO>0«AJ0« 
0**y«*-0  '>TAIOu^OON> 

OO^w-  •-Or-OOO 


'S'vQO  O'OQOOO 

rorocOo  aiiao^ajo 

KAI>>fO  K>vf<^<00«- 

•Z'"D 

ajyC*-0  CO^OAJJO>.r 


4A^oo  iAO*oo«o>Nr 
fn&‘e3s»  o^w-oN 
*9n9*^  '0'fAi*-o»K, 

'docos^  fO'Aoo^^Os 

OOAJAJ  AIOAi^T-«- 


OOOO  OOOOC 
OOOO  OOOOC 


A'-IA'Or-  ♦-r-A,dbO‘»- 
^♦-•-O  0--AJOOO 
OOOO  OOOOOO 

OOOO  OOOOOO 


o^JAKVCO  A>lA»>r-y>0 
O^AJCOO  AJAICSA-.'AC 
r-|A«»“  »**AJ»-0»AC 


OOOO  OOOOOO 


s^iAKOO  'O'OlA^AlCS 

r^OOv^  rANCOAJ<*Ai 

0«*AJ0  OOOOr-O 


A>COtAlA 

'^AJAJ''^ 

#A»-»A*- 

OOOO 

PJAK 

ff>IA*“ 

p'Kco 

A-Kj^ 

eoo 

B 

•-A- 

oo 

lAO'lAiA 

oooo 

IA<'^0'0«'*CO 
K  AJJAAJ'OtA 
•grOAipAiv 
••AJAJOvyr* 
OOOOOO 

OOOO 

ooo 

oo 

oood 

OOOOOO 

«.tCOA-A* 

«-C0cDO 

••♦A*-*- 

^COA» 

5iA»g 

(O'O 

8IC 

0«“ 

o*- 

os:«Aj 

••OKia 

o«g»Ai 

0(A0«* 

AJr»*-0 

SRSI^SS 

•-kSaj 

Or-KlOr-O 

OOOO 

ooo 

oo 

oood 

dddddd 

o  •  ^>2)od^'Ocd'<{Ocdoorn 

ij  I  CdiAAlO(AAJ0JiAAJr-OU) 
0*  «•••<•«*•«., 
^  I  *-KHA^fA(A'i-KIU>AJ>»»lA 


(AA.IA*-  QJAK 

OiA>0  ^KiAAl  A*C0(A(A  cO|A«* 
COAJ'O  ^COCAr*  •^AJAIvf  P^K(0 
^KirO  K^KkI  IAr-K>r-  KK>x» 
OOO  OOOO  OOOO  OOO 

OOO  OOOO  00(30  OOO 


lAOvUMA  K>'^0'0**00 
nO'OiA^  K  AJJA(V'0»A 
AJh»^&v  sr^OA|cgAJ*~ 
AJIAK<~  F-AJAJO^t*- 
OOOO  OOOOOO 

oodd  dddddd 


CSSESSBCBS 

CCZSS9K3SI 


X  Z  Z  uiujui  c 
OOOUJUJUJC 
L-  h'  *-  c 
<<<(A<Aio! 


lOOOX 

ujuiuio 

E522g 

iSSSS^ 


»-  O  JA  (O 

»A  *-■  ro 

•-  CO  -K*-  O. 

rr  O'  ro 

Al  'O  '4‘  <> 

o  •-  d  d 


O  O  sT 

O  O  P  K 

So  p  ^  AJ 

p  N>  sT 

O  »-  AJ 

o  d  d  d 


o  O  Q 

So  rg  S 
o  rg  AJ 

8  8  S 


o  •-  rg 

d  d  d 


^«gpGc 
aujuiOoc 
3  uiuj  r  ( 

I  viMUuS 


iOh- 

(/>a.  (/)uj 
UJ  oc 

ui»-ui< 

</) 

>‘»>S 
>-oe  < 
ac-o-x 


<MU*  x^c 

<uJZ>-S 

8 


<  V  Vt 

_  _,>-x  *-o>- 

jp«g  oe  -gxxae  vnutn  u(/i  ^Vioc 

C3ui  Q  0<0  O  o(  ^  ^  U)  O  V>uj 

-  Ouit/J  2  Q»*(A^  <  C>UJ<  <  <co<x 
jO(H>(LQPUi^^3«»l3CKjgQ(QCQ(QQ(^ 
CS(nuJU!lXXXOQe2(B(JCl3Q(DScB< 
ui«M  o  O  UJ  UJ 

</)  t^x  •j  a  a  S 


-X  ^  o  (3 


56 


80  *  ~ 

1 

* 

•  4 

1  f 

«  <•  • 

4 

I:-' 

M 

« 

t 

tii,t 

4^4 

is: 

I: 

i 

s 

• 

^  * 

4  1 

4  4 

4  18,4 

f\ 

o 

(M 

^  t 

oj  ra  I 

( 


57 


58 


I  •  I 

>  •  C  <  OO’OO^ 

I  M  •  C>i 

>  ^  I  E  t  |S.N.N>^ 
I  M  >  &i  'O'O^O^ 

oood 


I  H  I  3  » 

»  *  CT  * 

•  M  •  V  • 


li 


33:j;S 

ssas 

OfOfOO 

doddd 


09*9  QSPr:SoocD^  «*  o  K)  io  rM  CM 

PSS3!S|S  IP  ;s  7  S  S  ^ 

SIC?  ssQSftas^R  s;  3  s  s  i 

oo«~  «»d«-ddddd  d  d 


o 

d  04 


(/)  I  I  u 
I  X  •  ^  * 

(/)(/)  I  I  4^  I 

38:?: i: 

&  *  «  (  • 


1  OO-^OCO 

•  Osto)^ 

•  iPincoN 

•  fw^O^N- 
1  €0*0^0 

QOO 

eooo 

OOCM 

KS§ 

POQO 

SCM^CM 

(oa}^rcM 

OtO^CM 

miA&Ot 

0 

8: 

85 

in  CM 

R5 

QQOPO 

^^OSCM 

PNomK 

lA«*>IAOtA 

•00*0 10  «o 

dd»- 

•-T-00 

0 

0«-'CM«-‘0 

'^•OQ  O'OQQOQPQ 

«#iAinoo4^oo 

gaisggss 

03(0**  •o^ooJmm^io 

K>*-N.  'OfOiO(MO4lA(0'>« 
CM  «-  fO 


o 

8 

CM 

O 


0000 

0000 

8  8  8  8 

r-  uv  in  o 

S  K  ^  r£ 


60 


61 


Notes 


1.  The  resources  listed  in  this  table  are  as  of  the  Date  of  Study  (DOS)  and  have  been  calculated  using 
a  present  worth  discount  factor  (d)  of  7  percent.  The  Date  of  Study  (DOS)  is  the  Beneficial  Occupancy 
Date  (BOD).  All  tasks  are  assumed  to  occur  at  the  end  of  the  year.  All  resources  have  been  a',sumed  to 
be  constant  with  no  differential  escalation  from  year  to  year. 

2  Component  Description  -  This  column  contains  an  indented  list  of  systems,  subsystems,  components, 
and  high  cost  task  descriptions. 

3,  Unit  of  Mea.sure  (UM)  -  This  column  contains  a  two-character  code  to  indicate  the  measurement  unit 
for  the  component.  Units  used  in  this  column  are  as  follows: 


CT 

Count 

LF 

Linear  Foot 

SF 

Square  Foot 

TF 

Thousands  of  Linear  Feet 

4.  Labor  -  Labor  resources  can  be  used  in  one  of  two  ways:  (1)  labor  hours  per  unit  of  measure,  or  (2) 
dollars  per  unit  of  measure  assuming  a  $  1.00/hr  labor  rate. 

5.  Materials  -  Material  resources  are  expressed  in  dollars  per  unit  of  measure  in  July  1988  dollars  for  the 
Washington,  DC,  area. 

6.  Equipment  -  Equipment  resources  can  be  used  in  one  of  two  ways:  (1)  equipment  hours  per  unit  of 
measure,  or  (2)  dollars  per  unit  of  measure  assuming  a  $1.00/lir  equipment  rate. 

7.  Washington.  DC,  Total  -  The  dollars  per  unit  of  measure  figures  were  calculated  by  applying  the 
Military  District  of  Washington  labor  and  equipment  rates  to  tlie  labor  and  equipment  resources,  then 
adding  the  labor,  material,  and  equipment  costs  together  to  form  one  total  cost  figure. 

8.  Year  (YR)  -  This  column  contains  the  average  age  of  the  component  when  the  high  cost  task  or 
replacement  task  would  be  performed. 

9  Engineered  Performance  Standards  (EPS)  -  Most  labor  .  equipment  resource  data  is  based  on  the 
DOD  series  of  Teclinical  Bulletins  as  discussed  in  the  body  of  the  report. 
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APPENDIX  B: 

LIFE-CYCLE  COST  ANALYSIS  TABLE  (10  PERCENT) 
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»IMS/F10CX  FINISH 
kSOMT  t  TILE  PROOUCIS 

CERAMIC  TILE  SF  0.00007  0.00010  0.00007  0.00  0.00001  0.00001  0.00001  SO  0.182L7  2.00340  0.1B247 

aUARRT  TILE  SF  0.00007  0.00010  0.00007  0.00  0.00001  0.00001  0.00001  SO  0.90337  1.727B0  0.4S169 

S«e  NOTES  on  the  lest  page  of  this  table  for  Explanation  of  Coluiri  Headings 
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APPENDIX  C: 


TECHNICAL  BULLETIN  INDEX  FOR  ENGINEERED  PERFORMANCE  STANDARDS 


TB  No. 

Date 

Title 

TB  420-1 

5  Oct  72 

Engineered  Performance  Standards  Public  Works  Maintenance:  Engineers 
Manual  (NAVDOCKS  P-700.0) 

TB  420-2 

5  Oct  72 

Engineered  Performance  Standards  Public  Works  Maintenance:  General 
Handbook  (NAVDOCKS  P-701.0) 

TB  420-3 

5  Oct  72 

Engineered  Performance  Standards  Public  Works  Maintenance:  General 
Formulas 

TB  420-4 

1  Mar  82 

Tri-Service  Coordination  of  the  Carpentry  Handbook 

TB  420-5 

5  Oct  72 

Engineered  Performance  Standards  Public  Works  Maintenance:  Carpentry 
Formulas 

TB  420-6 

1  Feb  82 

Tri-Service  Coordination  of  the  ElecUic,  Electronic  Handbook 

TB  420-7 

5  Oct  72 

Engineered  Performance  Standards  Public  Works  Maintenance:  Electric, 
Electronic  Formulas 

TB  420-8 

1  Feb  82 

Tri-Service  Coordination  of  the  Heating,  Cooling  and  Ventilating 
Handbook 

TB  420-9 

5  Oct  72 

Engineered  Performance  Standards  Public  Works  Maintenance:  Heating, 
Cooling,  Ventilating  Formulas 

TB  420-10 

1  Apr  81 

Engineered  Performance  Standards  Real  Property  Maintenance  Activities 
Janitorial  Handbook 

TE  420-11 

5  Oct  72 

Engineered  Performance  Standards  Public  Woiics  Maintenance:  Janitorial 
Formulas 

TB  420-12 

1  Apr  83 

Engineered  Performance  Standards  Real  Property  Maintenance  Activities 
Machine  Shop,  Machine  Repairs  Handbook 

TB  420-13 

5  Oct  72 

Engineered  Performance  Standards  Public  Works  Maintenance:  Machine 
Shop  and  Repairs  Formulas 

TB  420-14 

Sep  80 

Engineered  Performance  Standards  Real  Property  Maintenance  Activities: 
Masonry  Handbook 

TB  420-15 

5  Oct  72 

Engineered  Performance  Standards  Public  Works  Maintenarrce;  Masonry 
Formulas 
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TB  420-16 

1  Apr  81 

Engineered  Performance  Standards  Real  Property  Maintenance  Activities: 
Moving,  Rigging  Handbook 

TB  420-17 

5  Oct  72 

Engineered  Performance  Standards  Public  Works  Maintenance:  Moving, 
Rigging  Formulas 

TB  420-18 

1  Nov  78 

Engineered  Performance  Standards  Real  Property  Maintenance  Activities: 
Paint  Handbook 

TB  420-19 

5  Oct  72 

Engineered  Perfonnance  Standards  Public  Works  Maintenance:  Paint 
Formulas 

TB  420-20 

1  Aug  83 

Engineered  Performance  Standards  Real  Property  Maintenance  Activities: 
Pipefitting,  Plumbing  Handbook 

TB  420-21 

5  Oct  72 

Engineered  Performance  Standards  Public  Works  Maintenance: 
Pipefitting,  Plumbing  Formulas 

TB  420-22 

1  Sep  80 

Engineered  Performance  Standards  Public  Works  Maintenance:  Roads, 
Grounds,  Pest  Control,  Refuse  Collection  Handbook 

TB  420-24 

1  Mar  84 

Engineered  Performance  Standards  Real  Property  Maintenance  Activities: 
Sheet  Metal,  Structural  Iron  and  Welding  Handbook 

TB  420-25 

5  Oct  72 

Engineered  Performance  Standards  Public  Works  Maintenance:  Sheet 
Metal,  Structural  Iron  and  Welding  Handbook 

TB  420-26 

1  Nov  79 

Engineered  Performance  Standards  Real  Property  Maintenance  Activities: 
Trackage  Handbook 

TB  420-27 

5  Oct  72 

Engineered  Performance  Standards  Public  Works  Maintenance:  Trackage 
Formulas 

TB  420-28 

1  Nov  79 

Engineered  Performance  Standards  Real  Property  Maintenance  Activities: 
Wharfbuilding  Handbook 

TB  420-29 

5  Oct  72 

Engineered  Performance  Standards  Public  Works  Maintenance: 
Wharfbuilding  Formulas 

TB  420-30 

1  Aug  79 

Engineered  Performance  Standards  Real  Property  Maintenance  Activities: 
Emergency/Servicc  Handbook 

TB  420-31 

1  Dec  73 

Engineered  Perfonnance  Standards  Real  Property  Maintenance  Activities: 
Planner  and  Estimator’s  Workbook  (Instructor’s  Manual)  (S&I  OCE) 

TB  420-32 

1  Mar  80 

Engineered  Performance  Standards  Real  Property  Maintenance  Activities: 
Planner  and  Estimator’s  Workbook,  Student’s  Manual 
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TB  420-33 

1  Aug  83 

TB  420-34 

1  Mar  84 

TB  420-35 

1  Apr  81 

TB  420-51 

30  Oct  73 

Engineered  Performance  Standards  Real  Property  Maintenance  Activities: 
Unit  Price  Standards  Handbook 

Engineered  Performance  Standards  Real  Property  Maintenance  Activities: 
Preventive/Recurring  Maintenance  Handbook 

Tri-Service  Coordination  of  the  Moving,  Rigging  Handbook 

Engineered  Performance  Standards  Public  Works  Maintenance:  Facilities 
Engineering  Management  of  Maintenance  Painting  of  Facilities 
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APPENDIX  D: 


GEOGRAPHICAL  LOCATION  ADJUSTMENT  FACTORS 


State 


Loca  tion 


ACF  Index 


Alabama 


Alaska 


Arizona 


Arkansas 


California 


State  Average 

Birmingham 

Mobile 

Montgomery 

Anniston  Array  Depot 

Huntsville 

Fort  McClellan 

Redstone  Arsenal 

Fort  Rucker 

State  Average 

Anchorage 

Delta  Junction 

Fairbanks 

Adak 

Aleutian  Islands 
Anchorage  NSGA 
Barrow 
Burnt  Mtn. 

Clear 

Elelson  AFB 
Elmendorf  AFB 
Ga lena 
Fort  Greely 
Fort  Richardson 
Fort  Halnwrlght 
State  Average 
Flagstaff 
Phoenix 
Tucson 

Fort  Huachuca 

Yutaa  Proving  Ground 

Yuoia 

State  Average 
Plnebluff 
Little  Rock 
Fort  Smith 
Fort  Chaffee 
Pine  Bluff  Arsenal 
State  Average 
Los  Angeles 
San  Diego 
San  Francisco 
Bea  le 

Bridgeport  NWTC 
Castle 

Centerville  Beach 
Desert  Area 
Edwards  AFB 


.86 

.96 

.86 

.76 

.81 

.88 

.80 

.88 

.80 

2.25 

1.92 

2.70 

2.13 

3.88 

3.86 
1.92 
4.18 

6.86 
3.10 
2.13 
1.92 
3.73 
2.70 
1.92 

2.13 
1.02 
1.02 

.99 

1.05 

1.22 

1.31 

1.31 
.89 
.93 
.83 
.92 
.92 
.93 

1.21 

1.20 

1.18 

1.25 

1.28 

1.27 

1.13 

1.32 
1.18 
1.30 
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State 


Location 


ACF  Index 


California  (Cont'd)  El  Centro  ^  27 

George  AFB  ^  3j^ 

Fort  Hunter  Liggett  1..29 

Fort  Irwin  ]^,20 

Le  Moore  NAS  1^,20 

March  AFB  I,  ][8 

Mather  AFB  1,17 

McClellan  AFB  1*17 

Monterey  Area  1.23 

Presidio  of  Monterey  1,23 

Norton  AFB  1,16 

Oakland  Army  Base  I.33 

Fort  Ord  1.24 

Port  Huenema  Area  1.20 

Riverside  1,18 

Sacramento  1,15 

Sacramento  Army  Depot  1,15 

Presidio  of  San  Francisco  1,25 

San  Nicholas  Island  2.59 

Sharpe  Army  Def  ot  1,13 

Sierra  Army  Depot  1,33 

Stockton  1,15 

Travis  AFB  1,27 

Vandenburg  AFB  1 , 33 

Colorado  State  Average  ,98 

Colorado  Springs  ,94 

Denver  1,04 

Pueblo  .96 

Fort  Carson  l.Ol 

Fitzsimmons  AMC  1,06 

Pueblo  Aniiy  Depot  .  96 

Peterson  AFB  .94 

Rocky  Mountain  Arsenal  1.06 

Connecticut  State  Average  1.13 

Bridgeport  1,16 

Hartford  1,10 

New  London  1,14 

Delaware  State  Average  .99 

Dover  1.04 

Lewes  .98 

Milford  .96 

Lewes  NF  1.04 

Dover  AFB  1.04 

District  of  Columbia  Washington  1,03 

Fort  McNair  1.03 

Walter  Reed  AMC  1.03 

Florida  State  Average  .89 

Miami  .95 

Panama  City  .92 

Tampa  .79 

Cape  Canaveral  ,96 

Cape  Kennedy  .96 
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State 


Loca  tioa 


ACF  Index 


Florida  (Cont'd) 


Georgia 


Hawa i i 


Ida  ho 


Illinois 


Gulf  Coast 

.85 

Homestead  AFB 

.88 

Homes  tea d 

.88 

Jacksonville  Area 

.85 

Key  West  NAS 

1.08 

Orlando 

.80 

Pensacola  Area 

.85 

McDill  AFB 

.77 

Eglin  AFB 

.77 

Tyndall  AFB 

■  .92 

State  Average 

.80 

Albany 

.82 

Atlanta 

.87 

Macon 

.70 

Athens 

.90 

Atlanta-Marie  tta 

.93 

Fort  Benning 

.71 

Columbus 

.71 

Fort  GiLlem 

.87 

Fort  Gordon 

.94 

Kings  Bay 

.93 

Fort  McPherson 

.87 

Fort  Stewart 

.84 

State  Average 

1.28 

Hawaii 

1.29 

Honolulu 

1.27 

Maui 

1.29 

Alinanu 

1.27 

Barbers  Point  NAS 

1.34 

Fort  Debussy 

1.27 

EWA  Beach  Area 

1.34 

Helemano 

1.34 

Hickam  Army  Air  Field 

1.27 

Kaneohe  MCAS 

1.34 

Hoana lua 

1.27 

Pearl  City 

1.27 

Pearl  Harbor 

1.27 

Pohakuloa 

1.32 

Schofield  Barracks 

1.27 

Fort  Shafter 

1.27 

Triplet  AMC 

1.27 

Wheeler  Army  Air  Field 

1.34 

State  Average 

l.ll 

Boise 

1.05 

Idaho  Falls 

1.08 

Mountain  Home • 

1.19 

Mountain  Home  AFB 

1.20 

State  Average 

1.03 

Belleville 

.96 

Chicago 

1.09 

Rock  Island 

1.03 

Rock  Island  Arsenal 

1.06 
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State 


'  Loca  tion 


ACF  Index 


Illinois  (Cont'd)  St.  Louis  Support  Ctr  .96 

.  Savannah  Army  Depot  1.05 

Scott  AFB  1.03 

Fort  Sheridan  1.10 

Indiana  State  Average  .99 

Indianapolis  1.03 

Logansport  .99 

Madison  .94 

Fort  Benjamin  Harrison  1.07 

Crane  1.10 

Crane  AAP  1.10 

Grissom  AFB  1.06 

Indiana  AAP  1.02 

Jefferson  Proving  Ground  .94 

Iowa  State  Average  1.02 

Burlington  1.04 

Cedar  Rapids  .98 

Des  Moines  1.05 

Iowa  AAP  1 . 06 

Kansas  State  Average  .94 

Manhattan  .97 

Topeka  .96 

Wichita  .88 

Kansas  AAP  .94 

Fort  Leavenworth  .94 

Fort  Riley  .97 

Sunflower  AAP  .97 

Kentucky  State  Average  ■  .96 

Bowling  Green  .99 

Lexington  .96 

Louisville  .93 

Fort  Campbell  .93 

Fort  Knox  .99 

Lexington/Bluegrass  Army  Depot  1.06 

Louisville  NAS  .93 

Louisiana  State  Average  .92 

Alexandria  .87 

New  Orleans  .94 

Shreveport  .94 

Barksdale  AFB  .94 

England  AFB  .87 

Gulf  Outport  New  Orleans  .94 

Louisiana  AAP  .94 

Fort  Polk  .94 

Maine  State  Average  .93 

Bangor  .85 

Caribou  .99 

Portland  .  .94 

Brunswick  .93 

Cutler  .98 

Northern  Area  1.17 

Winter  Harbor  .98 
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State 


Loca  tlon 


ACF  ludex 


Ma ry land 


Massachuse  tts 


Michigan 


Minnesota 


Mississippi 


Missouri 


Montana 


Nebraska 


State  Average 

.97 

Baltimore 

.95 

Fredrick 

.94 

Lexington  Park 

1.01 

Aberdeen  Proving  Ground 

.94 

Annapolis 

1.03 

Fort  De trick 

.94 

Harry  Diamond  Lab 

1.00 

Fort  Meade 

.95 

Patuxent  River  Area 

1.08 

Fort  Ritchie 

.90 

State  Average 

1.10 

Bos  ton 

1.13 

FI tchburg 

1.08 

Springfield 

1.08 

Army  Htls  &  Mech  Research  Ctr 

1.13 

Fort  Devens 

1.15 

Natick  Research  &  Development  Ctr 

1.13 

South  Weymouth 

1.13 

State  Average 

1.06 

Bay  City 

1.02 

De  trolt 

1.14 

Marquette 

1.03 

Detroit  Arsenal 

1.14 

Northern  Area 

1.25 

Republic  (Elfcom) 

I.IO 

Self ridge  APB 

1.14 

State  Average 

1.08 

Duluth 

1.05 

Minneapolis 

1.09 

St.  Cloud 

I.IO 

Twin  Cities  AAP 

1.09 

State  Average 

.84 

Biloxi 

.87 

Columbus 

.81 

Jackson 

.84 

Columbus  APB 

.81 

Gulfport  Area 

.87 

Meridian 

.92 

State  Average 

.92 

Kansas  City 

.92 

St.  Louis 

.99 

Rolla 

.85 

Lake  City  AAP 

.93 

Fort  Leonard  Wood 

.91 

State  Average 

1.15 

Billings 

1.15 

Butte 

1.18 

Great  Falls 

1.12 

Malmstrom  APB 

1.12 

State  Average 

1.03 

Grand  Island 

l.OO 

Sta  te 


Location 


ACF  Index 


Nebraska  (Cont'd) 


Nevada 


New  Hampshire 


New  Jersey 


New  Mexico 


New  York 


North  Carolina 


Lincoln 

1.05 

Omaha 

1.05 

Offutt  AFB 

1.05 

State  Average 

1.18 

Hawthorne 

1.26 

Las  Vegas 

1.13 

Reno 

1.15 

Fa  lion 

1.28 

Hawthorne  AAP 

1.26 

Neills  AFB 

1.13 

State  Average 

1.09 

Concord 

1.06 

Nashua 

1.06 

Portsmouth 

1.14 

Cold  Regions  Lab 

1.17 

State  Average 

1.08 

Newark 

1.11 

Red  Bank 

1.08 

Trenton 

1.06 

Bayonne 

1.10 

Bayonne  Mil  Ocean  Term 

1.09 

Fort  Dix 

1.03 

Earle 

1.10 

Lake hurst 

1.05 

Fort  Monmouth 

1.09 

Pica  tinny  Arsenal 

1.20 

State  Average 

1.03 

Alamogordo 

.99 

Albuquerque 

1.03 

Ga 1 lup 

1.06 

Holloman  AFB 

1.05 

Klrtland  AFB 

1.03 

White  Sands  Missile  Range 

1.09 

Fort  Wingate 

1.06 

State  Average 

1.12 

Albany 

1.07 

New  York  City 

1.24 

Syracuse 

1.05 

Brooklyn 

1.24 

Fort  Drum 

1.18 

Fort  Hamilton 

1.24 

Seneca  Army  Depot 

1.15 

U.S.  Military  Academy 

1.17 

Watervliet  Arsenal 

1.07 

State  Average 

.76 

Fayetteville  ■ 

.76 

Greensboro 

.75 

Wilmington 

.78 

Fort  Bragg 

.76 

Camp  Lejeune  Area 

.86 

Cherry  Point 

.86 

Goldsboro 

.77 
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State 


Loca  tion 


ACF  Index 


North  Carolina  (Cont'd) 


North  Dakota 


Ohio 


Ok  la  homa 


Oregon 


Pennsylvania 


Rhode  Island 


South  Carolina 


Pope  AFB 

.82 

Seymour  AFB 

.77 

Sunny  Point  Mil  Ocean  Term 

.78 

State  Average 

1.03 

Bismarck 

1.02 

Grand  Forks 

.98 

Minot 

I.IO 

Grand  Forks  AFB 

.98 

Stanley  R.  Hicklasen  CPX 

1.03 

Minot  AFB 

1.12 

State  Average 

1.00 

Columbus 

1.03 

Dayton 

.98 

Youngstown 

.99 

Cleveland 

1.14 

Wright-Pa tterson  AFB 

.98 

State  Average 

'  .93 

Lawton 

.90 

Me  A  Lester 

.91 

Oklahoma  City 

.98 

Altus  AFB 

.94 

Enid 

1.01 

McAlester  AAP 

.91 

Fort  Sill 

.90 

State  Average 

1.05 

Pendleton 

1.08 

Portland 

1.07 

Sa  lem 

.99 

Charleston 

l.ll 

Coos  Head 

1.08 

Umatilla  Army  Depot 

1.18 

State  Average 

l.OO 

Harrisburg 

.91 

Philadelphia 

1.05 

Pittsburgh 

1.04 

Carlisle  Barracks 

.93 

New  Cumberland  Army  Depot 

.91 

Fort  Indian  town  Gap 

1.07 

Letterkenny  Army  Depot 

1.07 

Mechanicsburg  Area 

.91 

Tobyhanna  Army  Depot 

1.14 

Warminster  Area 

1.04 

State  Average 

l.ll 

Bristol 

1.13 

Newport 

l.ll 

Providence 

I.IO 

Davisvllle 

1.17 

State  Average 

.82 

Charleston 

.81 

Columbia 

.82 

Myrtle  Beach 

.84 

Beaufort  Area 

.89 
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Sta  te 


Loca  tion 


South  Carolina 

South  Dakota. 


Tennessee 


Texas 


Utah 


Vermont 


Virginia 


(Cont'd) 


ACF  Index 


Charleston  AFB 

.81 

Fort  Jackson 

.82 

Sumter 

.80 

State  Average 

.95 

Aberdeen 

.95 

Sioux  Falls 

.94 

Rapid  City 

.96 

Ellsworth  AFB 

.98 

State  Average 

.84 

Cha  ttanooga 

.86 

Kingsport 

.72 

Memphis 

.95 

Arnold  AFB 

.90 

Milan  AAP 

.98 

Ho  Is  ton  AAP 

.71 

State  Average 

.85 

San  Angelo 

.76 

San  Antonio 

.86 

Fort  Worth 

.93 

Fort  Bliss 

.96 

Carswell  AFB 

.93 

Chase  Field  -  Beeville 

.97 

Corpus  Chris tl  Army  Depot 

.92 

Corpus  Chris tl 

.92 

Dallas 

.93 

Dye as  AFB 

.94 

Fort  Hood 

.89 

Kingsville 

.99 

Red  River  Army  Depot 

.78 

Fort  Sam  Houston 

.86 

William  Beaumont  AHC 

.96 

Bergstrom  AFB 

.95 

Brooks  AFB 

.86 

Randolph  AFB 

.86 

Kelly  AFB 

.86 

Lackland  AFB 

.86 

State  Average 

1.03 

Ogden 

1.05 

Salt  Lake  City 

l.OO 

Tooele 

1.06 

Dugway  Proving  Ground 

1.03 

Hill  AFB 

1.07 

Tooele  Army  Depot 

1.05 

State  Average 

.99 

Burlington 

1.00 

Montpelier 

1.00 

Rutland 

.96 

State  Average 

.95 

Norfolk 

.95 

Radford 

.95 

Richmond 

.94 

Ar ling  ton 

1.04 
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Sta  te 


Loca  tion 


ACF  Index 


Virginia  (Cont^d)  Arlington  Hall  Station  i.OA 

Arlington  National  Cemetery  1,04 

Fort  Belvoir  1.04 

Cameron  Station  1.04 

Dahlgren  1.10 

Fort  Eustls  .96 

Humphreys  Engineer  Center  1.03 

FortA.  P.  HiU  .92 

Fort  Lee  .93 

Fort  Monroe  .94 

Fort  Myer  1.03 

Norfolk-Kewpor t  News  Area  .95 

Fort  Pickett  .98 

Quantico  1.03 

Nadford  AAP  1.02 

Port  Story  .95 

Vint  Hill  Farms  Station  1.08 

Washington  State  Average  1.09 

Spokane  1.08 

Tacoma  1.07 

Yakima  1.11 

Fairchild  AFB  1.13 

Jim  Creek  1.34 

Fort  Lewis  1.07 

Pacific  Beach  1.27 

Puget  Sound  Area  1.15 

Seattle  Area  1.12 

Widbey  Island  1.12 

Yakima  Firing  Center  1.18 

West  Virginia  State  Average  .95 

Bluefield  .92 

Clarksburg  .95 

Charleston  .99 

Sugar  Grove  1.15 

Wisconsin  State  Average  1.06 

LaCrosse  1.04 

Madison  1.02 

Milwaukee  1.13 

Badger  AAP  1.06 

Clam  Lake  1.20 

Fort  McCoy  l.ll 

Wyoming  State  Average  1.08 

Casper  1.07 

Cheyenne  I.IO 

Laramie  1.08 

F,  E.  Warren  AFB  1 . 10 
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DISTRIBUTION 

Chief  of  Engineers 
ATTN;  CEHSC-IM-LH  (2) 

ATTN:  CEHSC-IM-LP  (2) 

ATTN:  CEMP-EC 
ATTN:  CERD-L 

USAEHSC 

ATTN:  CEHSC-FM-R 

US  Army  Engineer  Districis  (41) 

ATTN:  Chief,  Design  Branch 
A7TN:  Chief,  Cost  Estimating  Branch 

US  Army  Engr.  Divisions  (14) 

ATTN:  Chief,  Design  Branch 
ATTN:  Chief,  Cost  Estimating  Branch 

Fort  Bclvoir,  VA 
ATTN:  CECC-R 

Defense  Technical  Info.  Center  22304 
ATTN:  DTIC-FAB  (2) 
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